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ABSTRACT 

This  fourth  of  10  blocks  of  student  and  teacher 
materials  for  a  secondary/ post secondary  level  course  in  electronic 
principles  comprises  one  of  a  number  of  military-developed  curriculum 
packages  selected  for  adaptation  to  vocational  instruction  and 
curriculum  development  in  a  civilian  setting*   Prerequisites  are  the 
previous  blocks.  This  block  on  solid  state  pr  inc  i pies  contains  five 
modules  covering  72  hours  of   instruction  on  PN  junctions  and  diodes 
( 12  hours ),   transistors  (12),  amplif ier  principles  (22), 
troubleshooting  solid  state  amplifiers  (12),   and  selected  solid  state 
devices  (14)*  Printed  instructor  materials  include  a  plan  of 
instruction  detailing  the  units  of  instruction,  duration  of  the 
lessons,   criterion  objectives,  and  support  materials  needed  *  Student 
materials  include  a  studr^nt  text;  five  guidance  packages  containing 
objectives,  assignments^  and  review  exercises  for  each  module;  and  a 
comprehensive  programmed  text  oti  solid  state  devices*  A  digest  of  the 
modules  in  the  block  is  provided  for  students  who  need  only  to  review 
the  material.  Designed  for  self-  or  group-paced  instruction,  the 
material  can  be  adapted  for  individualized  instruction.  Additional 
print  and  audiovisual  materials  are  recommended  but  not  provided. 
(YLE) 
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Tlu!  mil  LbLt"y-<lL:v<:U^ixvl  currLcuUnu  iaHrri.aL:>  in  lhi:\  M^ursi- 
[^.H^I-MMo  :,v^lo<:tt.^<]  by  tiv:  N.tLiotial.  (A^nt^.^r  for  R(?:-^(%jn:h  in 

Vcx^^Lional  llducation  MLlLtar/  clirrLculuin  Prc>i(_^ct  tor  ^lu^sniv- 
in.iLion  to  tliu  six  roqional  Cumcniluin  Coorditiation  CVnLorn  and 
oLhor  in;3t.jaict:ional  frutoriaL.s  nnoncion,    '[lie  purf^-"^ 
<  ii  sr^oiuinatinq  tJitJSo  counju:>  was  to  make  frurriculiim  mafcori  .ilii 
^k;voIoix:;d  by  tlio  triilitary  more  acct?^3siblc  to  vocahLonal 
'xlucators  in  the  civilicm  Gcttinq* 

The  ofjursc  materials  wrc  acquired,  evaluated  by  project 
uLafE  and  practitioners  in  the  field,  and  prepared  for 
^Jisscmination,    Materials  which  were  speciEic  to  the  raLlitary 
were  dGleted,  oopyrighted  materials  were  cither  omitted  or  appro- 
val for  their  use  was  obtained.    These  course  packaqes  contain 
curriculum  resource  materials  which  can  oe  adapted  to  support 
vocational  instruction  and  curriculum  development* 


The  National  Center 
Mission  Statement 


Tho  NtJtiorHil  C<MUor  for  Rosoarch  in 
Voctitiontil  Education's  mission  is  to  increase 
the  ability  of  diverse  agencies,  institutioiri, 
arjd  organizations  to  solve  educational  prob^ 
l<Mns  relating  (o  individual  career  planning, 
preparatiofi,  dnd  progression.  The  National 
Center  fulfills  its  nnission  by: 

•  Geiierating  knowledge  through  research 

•  Developing  educational  programs  and 
products 

•  Evaluating  individual  program  needs 
and  outcomes 


• 


ERIC 


Installing  educational  programs  and 
products 


•  Operating  information  systems  and 
services 

•  Conducting  leadership  development  and 
training  programs 

FOR  FURTHER  INFORMATION  ABOUT 
MHrtary  Currrculum  Materials 

WRITE  OR  CALL 

Program  Information  Office 
The  National  Center  for  Research  in  Vocational 
!  Education 
^        The  Ohio  State  University 

1960  Kenny  Road.  Columbus,  Ohio  43210 
Telephone:  614/486-3655  or  Toll  Free  800/ 
848  4S15within  the  continental  U.S. 
(except  Ohio)  , 


Military  Curriculum 
Materials  for 
Vocational  and 
Technical  Education 


Information  and  Field 
Services  Division 


The  National  Center  for  Research 
in  Vocational  Education 


Military 

Curriculum  Materials        What  Materials  How  Can  These 

Dissemination  Is  . . .         Are  Available?  Materials  Be  Obtained? 


an  ticiivity  lo  hicrodso  the  dccossibilily  of 
military  (It'VOloptKf  cnrriciilun)  nuiienals  to 
vociition<il  tind  tecfuiical  (xJucators. 

Tins  prcijoct,  fiifidtid  hy  Xhc  U.S.  Office  of 
EtJucdhon,  iiiclij(l(]S  the  idoni ific<ition  and 
^ic<|uisition  of  ciirncLjIuiTi  mdterials  in  print 
fortn  from  the  Coast  GuorrJ,  Air  Force, 
Army,  Marine  Corps  and  Navy. 

Access  to  military  curriculum  materials  is 
provided  through  a  "Joint  Memorandum  of 
Understanding"  between  the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquired  materials  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses 
deemed  applicable  to  vocational  and  tech* 
nical  education  are  selected  for  dissemination. 

The  National  Center  for  Research  in 
Vocational  Education  is  the  U.S.  Office  of 
Education's  designdted  representative  to 
acquire  the  materials  and  conduct  the  project 
activities. 

Project  Staff: 

Wesley  E,  Budke,  Ph.D.,  Director 
National  Center  Clearinghouse 

Shirley  A.Chase,  Ph.D. 
Project  Director 


Ofie  hundred  twenty  courses  on  microfiche 
(IhirtL^en  in  paper  form)  and  descriptions  of 
each  have  lieen  provid*xl  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  cKjencies  for  dissemi 
nation. 

Course   materials   include  programmed 
instruction,  curriculum  outlines,  instructor 
guides,  student  workbooks  and  technical 
manuals. 

The  120  courses  represent  the  following 
sixteen  vocational  subject  areas: 


Agriculture 
Aviation 
Building  & 

Construciion 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine  Mechanics 


Food  Service 
Health 

Heating  &  Air 
Conditioning 
Machine  Shop 
Management  & 

Supervision 
Meteorology  & 

Navigation 
Photography 
Public  Service 


The  number  of  courses  and  the  subject  areas 
represented  will  expand  as  additional  mate^ 
hats  with  application  to  vocational  and 
technical  education  are  identified  and  selected 
for  dissemination. 


Contact  the  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
fnalenals  'e.g.,  availability  and  cost).  They 
will  respond  to  your  request  directly  or  refer 
yoii  to  an  instructional  matenals  agency 
closer  to  you. 
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Director 
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Airdustrlal  Park 
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206/753  0879 

MIDWEST 

SOUTHEAST 

Robert  Tatton 

James  F.Shiil,  Ph.D. 

Director 

Director 

1515  West  Sixth  Aue. 

Mississippi  State  University 

Stillwater.  OK  74704 

Drawer  OX 

405/377  2000 

Mississippi  State,  MS  39762 

601/3252510 
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Director 

Director 
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lJKl>Ai(TMl':m^  OF  TW"  ALU  FORCE 

!I::AF  ::ch  of  Applied  Aerosp  Sci  (ATC) 

KcMl^jr  Air  Force  BooO|  Mia^iooippi  j95jU 


FUN  OF  INSTRUCTION  jAUUL'^X)^)-! 


P0Rt:W0RD 


U  This  publication  is  the  plan  of  instruction  (POI)  wh(in  the 

nnr<^ri  ohovm  on  pa^*?  A  are  bound  into  a  r^ingle  doc*iment*    The  POI  prec- 
rrlLes  the  qualitative  requirements  for  Course  Number  jAQR!;CX)20-l,  blec- 
tronic  Principles  (Moduler  3elf-paced)  in  terras  of  criterion  objectivec 
r^nd  tefichinp^  steps  pre3ented  by  modules  cf  instruction  and  shows  durationi 
rorrelntion  with  the  training  standard,  and  support  materials  and 
i^uld,inc(i.    When  separated  into  modules  of  instruction,  it  becomes  Part  I 
of  the  lesson  plan.    This  POI  was  developed  under  the  provisions  of 
ATnR  50-5,  Instructional  System  Development,  and  ATCR  52-7,  Plans  of 
Instruction  and  Lesson  Plans* 

COmSL  DESIC;n/DESCRIPTION*    The  instructional  design  for  this  course 
is  Modular  Scheduling  and  Self-Pacing;  however,  this  POI  can  also  be  used 
for  Oroup  Pacing*    The  course  trains  both  non-prior  service  airmen  personnel 
nnrl  reelected  re-enlifstees  for  subsequent  entry  into  the  equipment  oriented 
:>tiase  of  basic  courses  supporting  i03XX,  30ya,  j07XX,  j09XX  and 

.?}^XX  AFSCs.    Technical  Training  includes  electronic  principles,  use  of 
Lasic  te^:t  equipment,  safety  practices,  circuit  analysis,  soldering^ 
.iL.^L^il  techniques,  microwave  principles,  and  troubleshooting  of  basic 
circuit.'i.    Students  assigned  to  any  one  course  will  receive  trainiTjg  only 
in  tnose  modules  needed  to  complement  the  training  program  in  the  equip- 
rr.pnt  onase.    Related  training  includes  traffic  safety,  commander's  calls/ 
irif}fine?  and  end  of  course  appointments* 

.  TKAiMI^G  KQUIPMENT.  The  number  shown  in  parentneses  after  equipment 
.ir.l^r^.  ar  Training  Equipment  under  SUPPORT  MATERIALS  AND  GUIDANCE  is  tne 
->l.ir-:;:en  nu-nt^er  of  students  assigned  to  each  equipment  unit* 

:dLr/j.t:;CE3;  This  plan  of  Instruction  is  based  on  Course  Training 
::tandara  KSJS-jAQBjOOSO-I,  27  June  1975  and  Course  Chart  3AQR30021J-1, 
;7  June  1975* 

FCH  THE  COMMANDER 
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PLAN  0^  IMSTRUCTION/LESSOM  PLAH  PART  1  (Cof«tiftootiof«  Sh##t) 

COURie  CONTCNT 

I  ,    (TLvon  a  FN  Junction  diocJo  characterlatlc  cunro,  identify 
t.hn  [xilntfl  of  (Structural  breokdownj  the  opwrating  rORion.    CTSt  ^ia 
Ht!     t  W 

(l)    De3crlbe  the  effects  of  excessive  forward  or  reverae 
Lian       :it.ructural  treakdovm  with  regard  to  thermal  ninaway  and 
ivalnrichr  current. 

[2)     Identify  the  normal  operating  region. 

r»    Vrom  a  ^^oup  of  PN  junction  circuit  diagrams,  oelect  the 
arranr'^fTinrit  that  identifie3  proper  forward  biasj  proper  reveroe 
'  \/ir^r.,  CT3t  5a       Meaa  t  W 

(2) 

(l)    Determine  voltage  requirements  for  P-Type  and  N-^T^pe 

Given  a  circuit  diagram  of  PN  junction  diodes  indicating 
n  L FM(. L  c LipX6nL  uciunSf   Sc-Lccirf  i^nc  cLn^dui^»jioi i v     nd^^  xucii^^xixc^  t^iic 
Ti'^/orlty  current;  the  minority  current.     CTSi  ^       Meast  W 

(1.5) 

I               (1)    Ejtplain  forward  biasing  with  respect  to  majority  current 

I               (2)    Eocplain  how  reverse  biasing  results  in  minority  current 

\ 

;                                   SUPPORT  MATERIAL  AND  GUIDANCE 

1 

1       :^i'^nl  Xn::tructional  Materials 
:  :'.^F^^,r-:^n»  PN  Junctions  and  Diodes 
.-,1'-, :  T-i  7j  Serniconductor  Principles 

u.j :  )  Vi ^ual  AiJs 

^0-:^:l,  Solid  State  Principles 


r  Tr  iLninf"  t^ethods 

ion  (9  hrs)  and/or  Pro^anmed  Self  Instruction 


I  l>i::C 

;  CTT  A33i/?;nments  (3  hrs) 


if* 


j  OppO: 


-^L:ctLonaJ.  t^uidance 

;,^^xific  objective  assignments  to  be  completed  during  CTT  time  in  KEP-GP-'29- 
.   "carrif^rs  produced  by  heat'*  and  "carriers  produced  by  doping".  The 

^r.iiy       to  relate  this  to  a  single  type  of  carrier,  electron  or  hole,  rather 

.n;Mnrity  and  majority  carriers.    In  the  N  type  material,  holes  are  produced 
and  electrons  are  produced  by  doping.    Point  out  that  in  "P'  type  mater* 

^ne  minority  carriers  (electrons)  are  produced  by  heat  and  the  majority  car- 
(holes)  are  produced  by  doping.    Majority  and  minority  current  flow  in 

jite  directions. 


ERLC 
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PLAN  OF  IH$TRUCT10H/Lti&S0N  P»..XN  PART  i 


N  AMI    lit  r  fli)l    f  I  Ml 

rv 


KLoctronl  c  lYinc  ipl<^ :i 

(ILOCK  T  (  T  Ul' 

 Solid  StfitM  lVincxplf>M  


COURSE  CONTENT 


1.    Vil  Junction:!  and  Diode^s  (Module  29) 

;w    ilivrn  a  VH  Junction  diode  choractoriatlc  curve  And  vnIuo;i 
'if  i'orw;ir(i  nnd  r<?ver5ie  bias  voltagct  compute  forward  bias  reoiotnncc 
roriiputv-  rrvor:\G  bla:;  reoir^tance.  CTSt  5a       Meaot  W 

(I)    11:30  an  enerCT  level  diagram  to  identify  the  valencct 
fnrl.uicifMi  :\nd  conduction  bando  of  P  and  N  type  material* 

Helate  the  amount  of  doping  to  the  number  of  majority 
f^arri?'rr.  In  both  types  of  semiconductor  material* 

(;)    Explain  the  effects  of  heat  on  current  carriers* 

{U)    Explain  junction  recombination  and  electrostatic 
f  LeU  tiev^lopment  in  P  and  N  material* 

('>)    Relate  depletion  reglont  barrier  width  and  resistance 
to  electrostatic  field  development* 

(-)    Relate  changes  in  temperature  to  the  number  of 
minority  and  majority  carriers  in  t**rnis  of  electron-hole  pair 

^''^nerati^.n. 

tV)    Construct  a  characteristic  curve  for  a  F-N  junction 
diod'*  and  *^.xplain  conduction  in  terms  of  forward  and  reverse  bias* 


Law  • 


{r)    Calculate  forward  and  reverse  resistance  iising  Ohm*a 


DURATION 


12 
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PLAN  OF  INSTRUCTIONAEUON  PLAN  PART  I  <Conflni»ctfon  Sh««f) 


COUftSt  CONTENT 


c.  Given  schematic  diarT^wruj  for  grounded  emitter  NPN  or  PNP 
lrnn3i:;torn  in  otatlc  configurationa  Indicating  direct  ciiiTcnt  path:;, 
if-lcct  the  arrangoraont  that  identlflos  the  proper  direct  current 
paUia*    CTSi  5b(l)       Meaai  W 

(l)    Identify  the  grounded  emitter  configuration* 

{2)    Identify  current  flow  from  negative  to  positive* 

(j^)    Identify  electron  flow  against  the  arrow. 

d.  Given  a  list  of  otatemontat  select  the  statement 
that  dr;3cribc3  the  forward  current  transfer  ratio  (Beta) 

for  the  rrounded  emitter  configuration.  CTSt  5b(l)       Meast  W 

(1)    Explain  Beta  as  the  raajdrnuin  theoretical  current  gain 
of  a  pounded  emitter  configuration. 


1  (2)    Given  the  formula  for  Beta,  explain  a  change  in  the  output 

J  rcr^^iltin^^  from  a  change  in  the  Input. 

I 

e-    Glv^n  schematic  diagrams  for  grounded  base  NPN  or  PNE.^. 
transistor  conf iguratior^  Indicating  direct  current  pathSf  select 
the  arrangement  that  identifies  the  proper  current  paths*  CTSt  5b(l) 

1  (1)    Identify  the  grounded  base  configuration. 

J  (2)    Identify  current  flow  from  negative  to  positive* 

C^)    Identify  electron  flow  against  the  arrow. 

i\    uiven  a  list  of  statementa^  select  the  statement  tha^^ 
,  jF?:;crii  es  the  forvard  current  transfer  ratio  (Alpha)  for  the 
i  tr;roanded  base  configuration.  CTSt  5b(l)       Meast  W 

(1)  Explain  Alpha  as  the  maximum  theoretical  current  gain 

or  a  pounded  tase  configuration. 
J 

j  (2)    Given  the  formula  for  Aipha^  explain  a  "change  ±n  the  output 

j  ro5ultin^^  from  a  change  in  the  Input* 

!        ^.    Given  circuit  diagrams  for  grounded  collector  NPN  or  PNP 
tranrLstor  in  static  configurations  indicating  direct  current  paths^ 
ol:ct  the  arrangement  that  identifies  the  proper  direct  current 
,?:.n5,  CTSt  5b(l)       Meast  W 

(!)    Identify  the  grounded  collector  configuration. 

(2)  Identify  current  flow  from  negative  to  positive. 


(1) 


(1) 


(1) 


(1) 


(1) 


ERIC 
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PLAN  OF  INSTRUCTI0H/Le*»$ON  H^AN  PAKV  » 


IV 


iilcr.troiilc  iViacipliiii 


COURSE  CONTENT 


Tr^inMijjtora  (Mod\xle  JO) 


rivrn  ttic  ^ciifunatic  dia^am  for  a  prop^Drly  biased  NPN  or 
;i.:^tor|  dct^rmLnc  the  effect  bia^  changes  have  on  L,,  1^, 
CTSj  5b{l)       Measi  W  ^  " 

L)    l^lxpialn  the  effect       barrier  height  and  width  for 
forward  bias. 

r)    t:jcplaln  the  effect  on  barrier  height  and  vrLdth  for 
-Bar;e  reverse  bias. 

;)    Describe  current  flow  with  regard  to  majority  and 
current  carriers. 

L)    iixplain  the  effects  of  changing  bias  on  a  transistor 
of  barrier  height,  width,  Z^,  I^i  and  I^^. 

")    Show  how  heat  effects  majority  md  rainority  carriers. 

'  )    tlxplain  ^Q^Q  in  terms  of  leakage  ciirrent* 

7  J    I-tescrite  how  a  change  in  Junction  temperature  affects 


;         .  .    ^'^ivo:\  A  ^.Toup  of  ^JPIJ  or  PNP  circuit  diagpramsp  select  the 
J  irr  iM:'-r .e::t  tnat  identifies  the  proper  biasing  method*    CTS;  5bU) 


minority 
in  LerrriG 


l)    Explain  normal  bias  on  etnaiter-base  and  collector^ase 


I  1,?)    Elxplain  how  proper  biasing  can  be  achieved  through  the 

;ne  of  1  nr  2  power  sources* 

C^)    Give  examples  of  properly  biased  NPN  and  PNP  transistors. 


OURATION 

1.? 

(9/3) 
(1.5) 


(1.5) 
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PLAH  OF  imXRUCTIOH/LCSSOH  PLAH  PAKT  I  (Cntlnuo^l^n  S}^*#t) 


COURSE  COHTeHT 


(   )     tdnntLfy  nlnctron  flow  Offainnt  the  arrow* 


U,     iVivru  :\  of  :;tr.itomcntr. ,  nelcct  ttu-  statement  that  cU-iCrll'O;;  {x} 

tl]f?  forward  current  trannfer  rntio  (Gamma)  for  tha  Rronndod  collector 
conf Lf^Miratlon-    CTSi  51(1)       Meoni  W 

(l)    Kxplain  Gfinima  ari  the  moJcLniuni  ttieoretical  current  f')ain  of 
'I  ri*ou:u:rci  Collector  configuration* 

Given  the  formula  for  Gajnma^  explain  a  change  in  the  output 
rf-.^U  iTir  from  a  chan^^e  in  the  input. 

Ke  ^  'tr'^ment  .md  Critique  (Part  1  of  2  Parts)  1 


;i.     M?'a5urement  test 


t  .     trcX  critique 

SUPPORT  MATERIALS  AMD  GUIDANCE 

rt  jucnt  Inritructional  Materials 
\\-.?-^}P^^0,  Transistors 

r:LP-llO 

A  -.dig  v  Aids 

10^'^  T:  J  Translator  Triodes  (Construction) 

7rv         s:,,  Transistor  Triodes  (Operation) 

.  r  I .  r: !  nr  Mothodr> 

z^r.--  : [9  ^.rr>)  and/or  Progranmed  Self  Instruction 

;  Ass  I  "^.ments  (;  hrs ) 

:  .,:-Lr^r">_i"rial  >^fUiriance 

:Lv^  -^-i.iifients  specific  objectives  to  be  covered  during  CTT  time.  These 
nL  jrctivcr  arc  covered  in  KEP-GP-30  and  the  digest  for  Block  IV.    Discuss  the 
'^r^:^       -jnon"  and*' grounded"  as  they  apply  to  transistor  amplifier  configurations, 
r.iov  m:c.--ds  of  identif:/ing  the  conuion  element  of  a  transistor  amplifier.  Insure 
that  ail  .^^tudents  understand  biasing  principles.    Inform  students  that  Part  1 
of  the  measurement  test  covers  modules  29  and  30. 
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PLAN  OF  IMSTRUCTIOH/LESSON  PcAK  PART  i 


N  AMf   tJf   f^***  r  f  CHI 

 LU  


cnuMir  TirLC 


Klcc  troai-c  I¥lnc  lyVLo  g_ 


 Soli-tl  Statti  Prlnclploa 


I 


COURSE  COHTCHT 


Amplirirr  Principlon  (Module  3l) 

.1.    (^LVcri  tlif*  achcmatic  difi^am  for  NPN  or  PNP  common  emitter 
:unplili(^r  cunf i/.7iration  and  a  list  of  otatcmcnts,  select  tht;  state— 
int^nt(r»)  which  dC3cribe(;j)  the  effect  of  input  signal  current  and 
l.n[>ut  r.i^^ial  voltage  clian^eii  on  current  In  each  element  and  collector 
v<Dltar^;  of  load  reoiDtor  changes  on  actual  voltage,  current,  and 
power  fviln*  CTSi  5b(l)       Measi  W 

(1)    Using  the  charo'^teristic  ciirve,  schematic  diagram, 
v.iluorj  of  V^^,  Rj^,  I^,         and  input  amplitude,  construct  a  load 

ILn^^;  ti<>tormine  tho  operating  point  j  compute  actual  current  (A^), 
volta>:e  (A.^)  and  power  gain  (Ap). 


-  (2)  Describe  the  changes  in  and  Ay  with  variations  in 
■\Dit\f^_  the  characteristic  curves  and  jLoad  llnes- 


(j)    iijcplain  the  effect  on  impedance  matching  and  the 
resulting,  power  gain  with  changes  in  Rj^- 

(4^)    Develop  an  output  waveform  resulting  from  an  input. 

:  *     :ivcn  the  schematic  diagram  for  WPN  or  PNP  conmon  base 
i.-nplii^irr  conf if^iration  ind  a  list  of  statements,  select  the  state- 
<cr*  (1.;  v.^Jc;.  describe(c;)  the  effect  of  input  signal  current  and 
Ir.A^t  ,  1  nal  voltage  chan£;es  on  current  in  each  element  and  collector 
v-ltuj*  ;  -if  load  resistor  changes  on  actual  voltage,  current,  and 
;  .v'or  -nr.-    CTS:  5b(l)       Measi  W 

\l)    rtecofTiisc  that  common  base  configuration  characteristic 
ciirv':'  r  iDrc3ent  values  of  emitter  current  rather  than  base  current. 


DURATION 


22 
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COU«iC  CONTENT 


{2)    Using  the  charncteriotic  curve,  achemntic  dia^'p*;iin| 
valuc:3  or  V    ,  Vgg,  fC,  1^,  and  input  amplitudo,  construct  a  load 
luio;  determino  aperaxln>;  polnt|  compute  actual  current,  voltage 
i  ond  power  r^iln. 

(j)    Mxplaln  the  changea  In  actual  voltage^  current  and 
fjower  r.ain       the  load  resistance  la  changed. 

(a)    Develop  an  output  waveform    resulting  frcm  an  input. 

r.    i;ivtm  the  schematic  diagram  for  NPN  or  PtfP  common  collector  (2.5) 
'  amnlifier  conf x;':urntion  and  a  list  of  statements^  select  the  state— 
\  ^r:{l{:,)  Which  cl(^:;cribc (g )  the  effect  of  input  signal  current  and  input 

|:.irnil  voltaf^e  changes  on  current  In  each  element  and  emitter  voltage; 
of  load  rcatstor  changes  on  actual  voltage^  current^  and  powr  gain. 
I  CTSi  ':>y{l)  Meas* 

j  (1)    Explain  that  characteristic  curves  e^re  not  normally 

I  Lupplied  for  a  common  collector  confi^;uration. 

I 

(  (2)    Recognise  that  changes  in  R^^  have  similar  effects  on 

j  current,  voltage  and  power  gain  for  all  configurationa. 

^  (^)    Using  a  circuit  diagram  with  values  of  R^^,  Rg  and  Input 

]  voltar.G,  ju3tii^^  a  gain  of  less  than  one  for  a  ccnmon^oUector 

!  confir:uration. 

Develop  an  output  waveform  resulting  from  an  input. 

.i.    Lliven  3  transistor  amplifier  schematic  diagram  and  a  list  (2) 
,;t.i!:cnr.*ntG|  r;elect  the  statement  that  describes  the  cause  of 
i"^lit       riistortion;  of  frequency  diatortionj  of  phase  distortion. 
V:  (1)       Mcasi  W 

fl)    De^^cribe  amplitude  dist^prtion  as  it  relates  to  the  amount 
^    f  :'or^wi:*^  tias. 

p)    Identify  the  relationship  of  amplitude  distortion  and 
*^y:cczrivv.  input  signal  level. 

il)    Explain  frequency  distortion  resulting  from  reactive 

{L)    Dofine  phase  distortion  resulting  from  raactive  componenOc. 
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PLAHCF  mSTRUCTIOH/LESSON  PLAH  PART  I  <ContUo<itl«n  SH^O 


COURSE  CONTENT 


r*    wLvon  tcmt^eratuTR  stabilized  tran:ii:jtor  amplifier  lichcm/itlc  (j) 
liar.r^i^n:.  fmd  a  list  of  ntatrmcntn^  aolcct  the  ntatoment(3)  that 
Moncril  ^:(:0  how  colloctor  current  variations  are  tnlnljnizcd,    CTSi  !)b(l) 
Mcas  t  W 

(J  )    ltrvl.c>r  the  cffecta  of  temperature  on  baao^mittor 

{?)     rdf^tLfy  Ihn  ^Dinitter  resistor  as  B  meonj  of  minimizxng 
\  -y:\r^  c'lrrmt  chancer;  Kith  temperature  changea* 

(  )    ]'.'jcplain  the  flcgenerating  j^oportiea  of  emitter  resistors 

uiJ.(':in  u:;fvl  with  bypasTj  capacitors. 

(-'.)    Show  tho  thermistor  as  a  means  of  limiting  bnne  current 
wLtn  l*^r:iperntiire  changes. 

{:}    Ljcplain  the  operation  of  a  T-type  low  pass  filter 
ti*:tvv*-^*n  collector  and  base)  Iri  reducing  degeneration. 

(  )    De::cribn  the  use  of  a  forward  biased  diode  In  limiting 
;  1^:!  ei'tcct::  of  temperature  change* 

r  )    £jcplain  how  the  reverse  biased  diode  presents  a  high 

rec;ist'Uic<^  to  I^j-jq* 

Jlven  a  list  of  statementSi  select  the  statement  that  describes  (2*5) 
t  ^e  cap.-iMlities  of  direct^  RC^  impedance^  and  transformer  coupling 
j  K-  rilattKi  to  rrequency  and  gain,    CTSi  5b(l)       Meast  W 

^  [i)  I^i'jntify  frequency  ranges. 


Ic^cntify  gain  relationships  throughout  the  normal  operating 
'  r^ur  basic  types  of  coupling. 


,j^.plain  low  rrequency  loss  in  RC  coupling, 

Describe  hiph  frequency  loss  resulting  from  the  following 

(a)  3ti*ay 

)    Interelenent  , 
(c)  Distributed 

SUPPORT  MATERIALS  AND  GUIHANCE 

'  ...I-:-.'   Trii^tr-.^t.l(>r.al  Materials 


P-';P-.l.  AiT^plifier  Principles 


ERIC 
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PLAN  OF  rNSTRUCTION/LESSON  PLAH  PART  r  (Cot^iUAt^ifiM  ihmmi) 


COURSC  CONTCNT 

m  ;t>-:2.iA,  Anjpiifier  fVincipden 

.tV.r^O,  DlstortLuri 
m:  .0"ALj,  CoiiDtniction  or  Load  Liiica 

vri\  .0-:St3,  Transistor  Audio  Amplifier 

Vr  .u.Mi  \h[  rx]Lil])niont 

Aninjt'ti^r  i'mol  Ao^V  (1.) 

VolMr^:  Amplifier  Trainer  59^iO  (1) 

'Itjnerator  4^36/*  (I) 
IinU.uiiet.:r  (1) 
L      tl  Lo;:ci)|jO  (1 ) 

[Ji.'  c^iiu.  n.n  ( 1 7  iirc )  aiNj/or  Prograinned  Self  Instruction 

I    rv  A.  '^Lnxiuntr.  (  '5  hri-) 

1  ^^^Uipit^  X:ir>t>ructor  RegMirements 
'  ^oJ>t//,  r.qijipment,  Supervision  ^2) 

J  \  [1.  triH:l.l.or].'il  Guidance 

[n:iur<^  tiuit  CTT  time  assicnments  are  ci^en  in  KEP-GP-jl  and  the  Di£est  for  ulock 

I  IV,    lascu.^r:  the  steps  used  to  establish  a  load  line,  and  show  how  it  ic  used  to 

!  nrutiic"-       amplifier's  operation*    Have  the  class  perform  an  cxerci::e  and 

I  ^ -ll,.^:t,i  V  jly  pXot  a  Itjnd  line  on  a  characteristic  curve*    Explain  the  effects  of 

J  KiromrU  r  chances  on  all  amplifier  configurations*    An  optional  laboratory 

'  ^^:  .3rrL.     can  be  performed  to  reinforce  the  theoritical  concepts  that  have  been 

;  tiir-^^ur^:  i  d* 


ERIC 
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PLAN  OF  (NSTRUCTIQH/LESSON  PLAN  PART  I 


HAuW  itr  \H\f  FtiJi  T  on 


COUinr  TITLE 


0LOCK  TiTi^f, 

Solid  State  PrlnciplGs 


COURSE  CONTCNT 


I  ^  DURATION 


Trnul'Lt^i^liaotinf;  Solid  State  Ampllflora  (Module  32) 

:k    'iivrri  a  trainer  h.iv^iii/'^  an  inoperative  tran^iistor  volta^o 
amplili/r  cLrc^L.Lt|  schematic  diagrami  multlmetori  si^jnal  generator, 
AiiiL  c..;clHo*icupe|  determine  the  faulty  component  two  out  of  three 
tlmM.    CTSj  la^  2c,  2b»  5c       Meaai  PC 

(1)  Review  the  operation  of  a  common  emitter  amplifier 
circ'iit  Incorporating  an  emitter  resistor  and  bypass  capacitor. 

(2)  Identify  the  effecte  of  the  following  troubles! 

(a)  Open  biasing 

(b)  Open  e^TUtter 

(c)  Open  collector 

(d)  Open  collector  load  resistor 

(e)  Shorted  collector  to  emitter. 


12 
(  ) 

(9) 
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PLAN  0;=  lUSTnUC  nOU/LKSSOi^  PLAH  PART  I  ((UntUuotlon  Vi^^t) 


COUftSE  CONTENT 


Tralrdna:  EcniiT^aont 

VoltjUvJ;*^  AmpliJiiflr  Trnliidr  {\) 
Hultintot«r  Cl) 
SijTiRl  (lenaritor  hSbU  (1) 
CncijJ.05cope  (1) 

Performance  W  lirs) 
err  Asai^enta  (3  Ura) 

Multiple  Ingtnictor  Racmlremanta 
Safety,  Equipnwntt  Supervii^lonXsJ 

Iniitruotional  GuldJmce 

Inaurtj  CTT  tlm*  aaolgmiienta  ar«  giiren  In  KEP-ST^IT.    Streoo  safety  of  equipi^nt 
anJ  r<*r^cnii5l|  by  p^jr/orfrdng  th*»  laboratory  axerclBe  in  m  acceptable  manner 
dni  ixsir^  eatdblished  »';vintonAace  tt*chniquea.  Clacnss  the  Tarlables  that  ra^  be 
enor-unt?rad  while  perforrtjjig  the  laboratory  exarclee  and  the  iJaporttnce  of 

ri.y.urtla^  instructor  M^ilJt::^r.c>       ayposed  to  mianaiiig  th**  tioo  axTdAkibl^^ 
Hj/^  *.r.e  cXa^s  scan  through  thu  ::Mi*cioe  to  acquire  a  gon^^**]  id^a  of  tho 
procedures  bjfcra  assigning  them  to  *;he  trainero* 
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COURSe  CDHTCHT 


Si'UM  totl  ^olld  iitate  DcvlceB  (Module  3)) 


hI,     I'rmn  n  Hat  Of  ntatomeitSj  aclcct  the  ;ttatcmont  (.s )  that. 
il*vicribo(M)  the  hl^h  and  low  conduction  eondltlona  of  the  Uiil- 
JniictLon  Translator*     CTS:  5b{2)        Heas ;  W 

(1)  Deacrl.be  the  basic  conBtructlon  of  a  unijunction 

L  ran:il  ;*l:or , 

(a)  N-Type  bar  and  P-Type  eml-ter 

(b)  P-Type  bar  and  N-Type  emitter 

(2)  Describe  the  characteristics  of  the  unijunction 

tratl^lstor- 

(a)  High  conduction  between  Base  1  and  the  emitter 
with  a  minimum  resistance 

(b)  Low  conduction  between  Ease  1  and  Base  2 

^tate  two  uses  of  the  Unijunction  Transistor 
utilizing  a  sawtooth  generator  circuit  as  an  example* 

l^rom  a  list  Of  statements^  select  the  stateitient(s)  that 
,^  rii>^         the  conduction  conditions  of  a  Junction  Field  Effect 

[r.insi^^or.     CIS  5b(3)        Meas;  W 

ill     ^e:icribe  the  construction  of  the  Junction  Field  Fffect 
Tran-iitor  (JFET)  and  identify 

(a)  the  s>Tnbols* 

(b)  the  ieads* 

(c)  the  ^'P"  Type* 


DUR/T10N 


(1) 
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PLAN  OF  INSTRUCTION/LeSSON  PLAN  PART  I  (C«ntlnootlon  $h««t) 


COURSE  COHTeHT 


(d)    the  "N"  IVpe 

(^)    Detscribe  the  requirements  for  proper  biasing  and  the 
j  ,>irt;cl!i  of  reverse  bias  (Gate  circuit)  on  the  conduction  of  the  JFET* 

(j)    Lxplain  the  development  of  characteristic  curves  for  a 
JflT  with  respect  to  channel  pinch  off  and  breakdown  voltage* 

c.    nivon  a  schematic  diagram  of  a  Junction  Field  Effect  (l) 
Tran^ir.lor  amplifier  in  the  conmon  source  configuration^ 
d^jlernintj  the  effect  input  voltage  changes  have  on  drain  current* 

;  ^;TG;    ^b(^)      Meas;  W 

(1)    Identify  the  schematic  diagram  of  a  cocnicn  source 
!  JFl.T  .implifier* 

j  {2)    Lxplain  the  operation  of  the  JFET  amplifier  by 

*  lr:\c  inr  tne 


J  (a)    DC  Path  for  current* 

j  (b)    signal  path* 

'  (.)    Determine  the  effects  that  the  input  signal  has  on 

output  voltage  (Vds)  and  drain  current  (id)* 

i 

CJLven  a  list  of  statements ^  select  the  statement (s)  that  (1) 
di.:.cri:  ei. )  conduction  in  enhancement  and  depletion  Metal  Oxide 
'  :jon,it:nnduc:tor  Field  Effect  Transistor*    CTSi  5b (3)       Measi  W 

\l)    Identify  the  schematic  symbol  and  leads  of  the 
..*?^;iL  '^xL'.io  Semi-conductor  Field  Effect  Transistor* 

(a)  Depletion  MOSFET 

(b)  Enhancement  MOSFET 

I 

j  (2)    Describe  the  effect  on  the  number  of  carriers  in 

I  the  channel  when  biasing  a  depletion  type  MOSFET  and  the 
conduction  of  current  (id)* 

(; )    Describe  the  effect  on  the  namber  of  carriers  in 
t.;io  Channel  when  biasing  an  enhilicament  type  MOSFET  and  the 
(  conduction  of  current  (id)* 
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COUftSe  COHTCHT 


f*.    ^Mven  a  choractf^rLotic  curve  for  a  tiiniicl  diode         a  (l-Ii)  I 

Li  il  ol  L.l>jitementDt  aolect  th«  statement (3)  that  corrolato(5) 
il>3  opf^r^Lion  to  areaa  and  points  on  the  curve.    CTSi  ;^b(J^) 
Fleas:  \: 

(L)    Identify  the  schematic  symbol  of  a  tunnel  diode. 
{Z)    Describe  the  characteristics  of  a  tunnel  diode 

to  incLu 

(a)  dopinf;* 

(l)    barrier  vadth  and  barrier  height. 

O)    Given  a  tunnel  diode  characteristic  curves 

idcntiTy  the 

(a)  negative  resistance  region. 

(b)  peak  point. 

(c)  valley  point. 

(d)  region  where  tunneling  occurs. 

(e)  normal  operating  region. 

(1)    region  vhere  conventional  diode 

j  oonr:i;rti.  n  occurs. 

■  iver  1  list  of  statements, select  the  stateiiient(s)  (.5) 

{    .      tit  :  'ribo(s)  the  effect  of  a  changing  bias  voltage  on  the 
i     .pacitai.ce  of  a  varactor  diode,    CTSi  5b(6)       Measi  W 

(L)    Identify  the  symbol  of  the  varactor  diode, 

(2)    Ticlate  the  M  and  P  material    to  the  plates  of  a 

pcipaclLor. 

(j)    Compare  the  depletion  region  to  the  dielectric  material  of 

n  capacitor. 

{U)    Relate  bias  voltage  and  capacitance. 

r-    ^^(^  a  list  of  statements,  select  the  statement(s)  that  (.5) 
^:'  5crii  0(3)  the  operation  of  a  Silicon  Controlled  Rectifier  in  terms 
of  breax<over  voltage;  high  conduction;  holding  current,    CTSi  5b(5) 

Me  as:  v; 

(1)    Describe  a  Silicon  Controlled  Rectifier  in  terms  of 


(a)    nwnber  of  .lunctiOns. 

(b) 

number  of  layers. 
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COURSIE  CONTENT 


(2)  Ufllng  a  block  diagram  of  an  SCR  and  a  schematic 
jtyinhol  of  a  battery^  determine  the  bias  (forward  or  reverse) 
at  t^ach  Junction  and  current  direction* 

(3)  Using  an  SCR  characteristic  curve,  describe  the 
operation  oi  the  SCR  in  terms  of 


(a)  breakover  voltage 

(b)  high  conduction 

(c)  holding  current 


h*    Given  a  list  of  statements,  select  the  statement (s)  (l) 
that  dcscribe(s)  the  effect  of  gate  to  cathode  potential  on 
breakover  voltage  of  a  Silicon  Controlled  Rectifier* 
CTS:  5b(5)        Meas:  W 

(1)    Using  an  SCR  curve  chart  and  a  block  diagram  of 
an  :^CR,  describe  the  effects  of  gate  to  cathode  potential  on 

(a)  minority  current  carriers  In  Section  2  in 
respect  to  reverse  bias  and  current  flow  across  the  J-2 
junction* 

(b)  breakover  voltage* 

\ 

(c)  holding  current* 

I*    (;iven  a  list  of  statements,  select  the  statement(s)  (1) 
chat  describe(s)  the  operation  of  a  Zener  Diode  in  terms  of 
v<iltai:e  regulation*     CTS;     5b(7)        Meas:  W 

(1)    Describe  the  construction  of  a  zener  diode  in 
'       terms  of  doping* 

j  (2)    Describe  the  purpose  of  the  zener  diode* 


j  (3)  Identify  the  schematic  symbol* 

1 

(4)  Using  a  zener  diode  characteristic  curve^ 

.^dencify 

j  (a)     forward  conduction* 

(b)    reverse  bias  break  down  voltage* 

:  (c)    avalanche  current*  ^ 

i  (d)    voltage  regulation  (BV^^)* 


n 
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COURSf  CONTCNT 


<3)    Using  a  echemaCic  of  Che  zener  diode  voltage 
renulutor,  deecrlbc  the 

(a)  purpose  of  the  series  limiting  resistor 
In  the  circuit* 

(b)  voltage  regulation^ 

j»  Given  a  list  o£  atatemento^  select  the  one  which  describes 
applications  of  Integrated  circuits*     CTS:     5b(8)        Meao:  W 

(I)    List  appilcationa  of  integrated  circuits  to  include 

(a)  airborne  equipment^ 

(b)  missile  systems* 

(c )  computers* 

(d)  spacecraft* 

(e)  portable  equipment* 

Given  a  list  of  statements^  select  the  one  which  describes 
the  physical  characteristics  of  Integrated  circiiits. 
CTS:     5b(8)       Meaa :  W 

(1)  Describe  the  construction  of  integrated  circuits 

in  tenub  of 

(a)  comnonents  within  a  chip* 

(b)  monolithic  circuits, 

(c)  hybrid  circuits* 

(2)  List  advantages  of  integrated  circuits. 

(a)  Size  and  weight 

(b)  Increased  reliability 

(c)  Lower  cost 

(d)  Gircuit  perfotmance 

(e)  Power  requirements* 
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COUirSfc  CONTCNT 


(3)    Der;cribft  dioadvantagea  of  Integrated  circuits* 

(a)  Low  power  handling  capabilities 

(b)  Not  repairable  without  replacing 
complete  circuit* 

7.   Related  Traiiilng  (identified  in  course  chart)  2 
Measurement  and  Critique   (Part  2  of  2  parts)  i 
Measurement  test 

i 

l-j-    Te::t  critique 

SUPPORT  MATERIALS  AND  GUIDANCE 

^^tudent  Instructional  Materials 
Ki;P-GP-33t  Selected  Solid  State  Devices 
iavP-ST-IV 
j  Kl'.P-llO 

!  Audio  Visual  Aids 
I  TVK-:;0-a2,  Field  Effect  Transistor 
rvK-.0-U7t  Tunnel  Diode  Amplifier 

I  '["r-nLnin/:  Methods 

IVLrc'ionion  (U  hrs)  and/or  Programned  Self  Instruction 
i  CIT  Ai>:  i:7iments  (j  hrs) 

:  .^^^-^:c^U^^nl  <^:uidancc 

...  Ljir-  :..-)ecific  Objectives  to  be  covered  during  CTT  time  in  KEP-GP-33  and  portions 

i-:v  r;r  jIoc  :  IV.  Stress  the  doping  characteristics  of 

ilL  ..'U^cted  solid  state  devices*  List  the  solid  state  devices  to  be  discussed  in 
t  ,l;  .rii.uiUc  and  Cite  practical  applications  for  each*    Since  there  are  numbers  of 
^.i  ;r':roLit  solid  state  devices  discussed  in  this  module^  and  each  is  supported  by 
J  r,  ^..ojjTf ^<.icrd.  analysis  of  operationt  stress  the  importance  of  logical  organization 

nvoid  confusion*    Inform  students  that  Part  2  of  the  measurement  test  covers 
'  nonilos  jl  through  ji- 
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MODULE  20 

[*N  JUNCTIONS  AND  DIODES 

Understandlnt^  of  the  basic  structure  of  an 
atom  1±>  essential  to  tho  study  of  all  solid 
state  devices*  Silicon  and  germanium  are  the 
two  basic  elements  used  In  their  construc- 
tion. Figure  29'1  illustrates  a  single  atom 
of  each  element. 

The  outermost  shell  of  an  atom  that 
contains  electrons  is  the  valence  shelU  Sili- 
con and  germanium  have  four  valence  elec- 
trons* When  atoms  of  silicon  or  germanium 
are  brought  close  together,  they  will  share 
their    valence   electrons*  This  sharing  of 


MONDING  and  ir.  Ulujitratod  In  flj^nrr  ?0-'^ 

The  niaxiniim»  runuber  of  olrctroiv;  ^iut 
an  atoin  can  have  iw  its  valence  ahelJ  in 
fMght  and  be  causr  of  covalont  bnndinp;,  th'' 
valence  dhells  of  silicon  and  fit^rmanii:r.i 
appear  to  be  completely  filled. 


Another  significant  fact  to  consider  1^ 
the  energy  positioning  of  the  valence  el<?c- 
trons.  Electrons  have  both  kinetic  andpoteu' 
tial  energy*  Their  kinetic  energy  is  the 
result  of  their  movement  In  orbit  about 
the  nucleus  and  their  potential  energy  is 
the  result  of  being  a  specific  distance  frc*n 


ELECTRONS 


NUCLEUS 


ELECTRONS 


VALENCE  ELECTRONS 
OUTER  ORBIT 
M SHELL 
VALENCE  SHELL 


NUCLEUS 


VALENCE  ELECTRONS 
- —  OUTER  ORBIT 
N  SHELL 
VALENCE  SHELL 


SILICON 


GFPMANIUM 


RTF 4-594 


Figure  29-1,  Pictorial  Diagram  of  Atoms 
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Figure  29-^2.  Covalent  Bending  of  Germ^um  Atoms 
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Figure  29-3.  Energy  Lev€l  Diagram  of 
an  Isolated  Atom 

the  nucleus*  Figure  24*3  Illustrates  these 
facts.  The  horizontal  axis  depicts  the  length 
of  electron  orbit  and  the  vertical  axis  depicts 
the  displacement  of  the  electrons  from  the 
nucleus*  Electrons  in  the  third  shell  contain 
more  energy  than  those  in  the  second  shell. 

Figure  29-4A  Illustrates  two  isolated  sill- 
con  atoms  separated  so  that  the  electron 
orbits  do  not  overlap.  In  figure  29-4E,  the 


distiuice  has  been  reduced  so  thut  the  electron 
cirblts  of  thf  valence  electrons  overlap. 
This  results  in  the  (orm;itlon  of  a  con- 
tinuous band  of  energy  throughout  the 
material.  This  band  of  energy  is  referred 
to  as  the  VALENCE  BAND,  Because  of 
covalent  bonding^  the  valence  bands  of  stll* 
con  and  germanium  are  completely  filled 
with  electrons. 

The  valence  band  of  silicon  is  formed  by 
the  interaction  of  the  M  shell  electrons. 
The  next  higher  shell,  the  N  shell,  will  also 
interact  between  adjacent  atoms  and  form 
the  conduction  band  of  energy  throughout 
the  material.  In  germanium,  the  Interaction 
will  occur  between  the  N  and  0  shells, 
forming  the  valence  and  conduction  energy 
bands,  respectively. 

The  area  between  the  shells  in  any  atom 
is  forbidden  for  electron  orbits.  That  is,  an 
electron  cannot  exist  in  this  area.  The  inter- 
action between  the  atoms  that  occurs  when 
brought  close  together  results  in  the  forma- 
tion of  the  forbidden  energy  band,  and  is  an 
area  between  the  valence  and  conduction 
bands.  Because  electrical  conduction  is  con- 
fined to  the  valence^  forbidden,  and  conduc- 
tion energy  bands,  we  will  confine  our  dis- 
cussion to  these  areas. 
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Figure  29-4.  Energy  Level  Diagrams  of  Silicon  Atoms 
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Figure  29-5.  Energy  Level  Diagrams 


Figure  29-6*  Energy  Level  Diagram  of  a 
Semiconductor   at   a  Very  Low 
Temperature 

Figure  29-5  Illustrates  the  energy  band 
relationships  that  erdst  between  conductors, 
semiconductors,  and  insulators* 

The  width  (In  energy)  of  the  forbidden 
band  is  relative  to  the  conductivity  of  a 
material*  Silicon  and  germanium  are  semi- 
conductor materials*  Before  a  material  can 
enter  Into  electrical  conduction,  electrons  In 
the  valence  band  must  be  provided  sufficient 
energy  to  move  them  intothe  conduction  band* 
This  energy  can  be  in  the  form  of  heat^ 
llghtf  or  an  EMF.  In  a  conductor^  there  Is 
sufficient  heat  energy  at  room  temperature 
to  readily  move  valence  electrons  across 
the  very  narrow  forbidden  band, Into  the  con- 
duction band*  In  a  semiconductor/ some  of 
the  valence  electrons  will  react  to  beat  energy 
and  move   Into  the  conduction  band*  The 


 , 
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Figure  29-7,  Energy  Level  Diagram  of 
a  Semiconductor  at  25*C 


number  that  moves  is  dependent  on  temper- 
ature* In  an  Insulator^  there  is  very  little 
electron  movement  due  to  heat  because*  of 
the  extremely  wide  forbidden  band. 

Figure  29-6  illustrates  an  energy  level 
diagram  of  silicon  at  a  very  low  temper- 
ature where  there  is  no  movement  of  valence 
electrons  across  the  forbidden  band,  Tbe 
dashes  (-)  in  the  valence  band  indicate  the 
presence  of  valence  electrons. 

When  the  temperature  is  increased  to  25^ 
Celsius  (room  temperature),  some  of  the 
valence  band  electrons  will  pick  up  this 
thermal  energy  and  move  across  the  forbid' 
den  band  into  the  conduction  band.  Figure 
29-7  depicts  this  movement*  The  result  Is 
a  small  number  of  electrons  Inthe  conduction 
band*  Electrons  in  the  conduction  band  ^re 
FREE  ELECTRONS  and  available  for  con- 
duction* Another  significant  point  to  consider 
is  that  for  each  electron  that  is  elevated 
into  the  conduction  band*  a  vacancy  is 
created  In  tbe  valence  band*  The  vacancies 
are  referred  to  as  HOLES  and  are  repre* 
sented  on  figure  29*7  as  0*  They  are  equal 
in  magnitude  but  opposite  in  polarity  to  an 
electron*  The  processofelevatlngan electron 
into  tbe  conduction  band  and  creating  a  hole 
in  the  valence  band  Is  referred  to  as 
ELECTRON-HOLE  PAIR  GENERATION* 
Holes  and  electrons  will  both  respond  to 
an  electrostatic  field*  If  an  external  voltage 
source  Is  impressed  across  a  piece  of  silicon 
or  germaniumt  both  the  holes  in  the  valence 
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Figure  29-6.  Energy  Level  Diagi  am  of 
N-Type  Materia)  at  25^*0 

band  the  electrons  In  the  conduction 
band  will  enter  into  el&ctrical  conduction. 
The  holes  move  toward  the  negative  voltage 
and  the  electrons  move  toward  the  positive 
voltage.  Current  flow  yrill  be  small  (micro- 
amperes) and  is  dependent upontemperature. 
Increasing  temperature  will  increase 
electron-hole  pair  generation  and  thus 
increase  current.  Because  of  this  charac- 
teristic, semiconductor  materials  exhibit  :\ 
negative  temperature  coefficient  of  resis- 
tance. Whe.i  temperature  Increases^  the 
resistance  of  slli  -un  or  germanium 
decreases. 

The  structure  and  electrical  properties  of 
•  germanium  or  silicon  are  modified  by  the 
introduction  of  specific  impurities  to  make 
them  useful  semiconductor  materials.  The 
process  of  introducing  Impurities  is  called 
DOPING.  When  germanium  or  silicon  is 
doped  with  a  pentavalent  impurity  such  as 
arseniCj  the  structure  is  modified  so  that 
the  number  (concentration)  of  electron  car- 
riers in  the  conduction  band  Is  increased 
^j(/ithout  increasing  the  concentration  of  hole 
carriers  in  the  valence  band.  Four  of  the 
five  arsenic  valence  electrons  enter 
covalent  bonds  with  adjacent  atoms  and  - 
fifth  valence  electron  is  excluded  and  appears 
\n  the  conduction  band  of  the  semiconductor 
m?,terlal.  Figure  29-8  shows  the  result  of 
adding  a  pentavalent  impurity.  The  increased 
concentration  of  electron  carriers  (electrouis 
hiive  a  negative  charge )  results  in  the 
iiiiterial  being  named  WTYPE  MATERIAL, 

m  the  N-type  material,  the  electron  car- 
riers* in  th*^  rondurtion  band  are  referred  to 


Figure  29-9.  Energy  Level  Diagram 
of   P"Type  Material 

as  the  MAJORITY  CURRENT  CARRIERS. 
The  valence  band  holes^  by  comparison,  are 
few  ill  number  and  are  referred  to  as  the 
MINORITY  CURRENT  CARRIERS.  Both 
majority  and  minority  carrier  concentration 
increases  with  an  increase  in  tenit^erature. 

When  germanium  or  silicon  is  doped  with 
a  trivalent  impurity  (such  as  aluminum) 
the  structure  is  modified  so  that  the  con- 
centration of  hole  carriers  In  the  valence 
band  is  increased  without  increasing  the  con- 
centration of  electron  carriers  in  the  con- 
duction band.  The  three  valence  electrons 
of  the  aluminum  impurity  enter  into  covalent 
bonds  with  adjacent  atoms-  This  results  in 
a  deficiency  in  covalent  bonding  which  pro- 
duces a  hole  carrier  in  the  valence  band 
of  the  structure.  Figure  29-9  illustrates  the 
result  of  adding  a  trlvalent  impurity  to  a 
semiconductor.  Because  the  hole  carrier 
(holes  have  positive  charges)  concentration 
has  been  increased  without  increasing  the 
electron  carrier  concentration^  the  material 
is  named  P-TYPE*  In  P-type  material,  the 

Majority    current    carriers  are 

the  holes  and  the  MINORITY  CURRENT 
CARRIERS  are  the  electrons,  P-type 
material  also  exhibits  a  negative  tempera- 
ture coefficient  of  resistance.  Increasing  the 
doping  in  both  N-  and  P-type  material 
increases  the  concentration  of  the  majority 
Current  carriers. 

Combinations  of  P*  and  N-type  materials 
are  used  in  the  construction  of  solid  state 
devices.  The  most  basic  combination  is  a 
simple  PN  junction  diode.  This  device  is 
manufactured  by  the  chemical  joining  of  a 
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Figure  20-10,  PN  Junction  Diode  Pictorial 
Diagram 


piece  of  N-type  material  to  a  piece  of  P- 
type  material  as  Illustrated  in  figure  2fi-I0. 

At  the  moment  the  P  and  N  materials  are 
joined,  there  will  be  a  movement  of  elec- 
trons from  the  conduction  band  of  th<*  N- 
type  material  Into  the  conduction  band  of  the 
P-type  material  and  at  the  same  time  there 
will  be  a  movement  of  holes  from  the  valence 
band  of  the  P  material  to  the  valence  band 
of  the  N  material.  This  action  Is  referred 
to  as  JUNCTION  RECOMBINATION  and  will 
nontlnue  until  equilibrium  is  reached. 

The  result  of  this  diffusion  is  the  forma^ 
tlon  of  an  area  at  the  junction  of  the  P  and 


^     .11,  .M'..ll.     ..♦Jr    in';   Ui.M'lL'V.,     .'  I* 

t:iirrf*nt  Iti  iMklttltJii,  on  i'^rU  Hlii,: 

^jf  thf?  PN  Jviiictiun  tlii^ro  will  b*^  a  h*y<*r 
Lnnl/ed  partif'l(\s,  Tli*^  N  a>at€rial  will  bf  rokii. 
[iOHltlvcly  <:liarK4'(l  inul  the  P  material  will 
hav<    a   nt^natlvc   charge   at   the  Junrtltni. 
This  loul/.ation  causes  tho  eIler^!:y  batui.s 
the  P-  and  N-type  materials  to  be  (iiapLu^e^J 
from  oach  other.  That  displacement  results 
froii>  the  fact  that  when  a  negative  charpt 
is  applied  to  any  material,  It  raises  all 
the  energy  Uvels  of  that  material  and  whcu 
a  positive  charge      :>pplled  to  a  material, 
It  lowers  the  energy  levels.  The  displacement 
Is  repre.^ented  In  figure  20-11,  The  amount 
of  displacement  is  called  BARRIER  HEIGHT 
and  Is  proportional  to  the  amount  of  doping. 
AS  doping  concentrations  are  Increased,  the 
barrier  height  Increases, 

The  area  In  the  vicinity  of  the  Junction  that 
has  no  current  carriers  (holes  and  electrons) 
Is  referred  to  as  the  DEPLETION  REGION 
and  Its  width  is  called  BARRIER  WIDTH, 
The  barrier  width  is  inversely  proportional 
to  the  doping  concentration  and  will  decrease 
as  doping  is  Increased.  Increased  doping 
Increases  the  carrier  concentration  In  tlie 
vicinity  of  the  Junction  and  equilibrium  is 
reached  sooner. 
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Figure  29^11.  Energy  Level  Diagrain  of  Junction  Barrier  Formation 
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Figure  2fi-U.  Effect  of  Forward  Bias  on 

After  junction  recombination  occurs,  the 
depletion  region  will  act  as  a  barrier  to 
current  flow.  An  external  source  of  EMF 
can  be  applied  to  the  PN  junction  diode  so 
tJiat  it  eiti^er  aids  or  opposes  the  flow  of 
current  through  the  device.  This  external 
EMF  is  called  BIAS  which  maybe  qualified 
as  FORWARD  or  REVERSE.  The  effect  of 
FORWARD  bias  on  barrier  height  and  width 
is  showa  in  figure  i9-12B. 

Forward  bias  piaces  a  positive  voltage  on 
the  P-type  material  and  a  negative  voltage 
on  the  N-type  material.  This  bias  opposes 
the  junction  E  field  and  reduces  the  barrier 
height  and  width.  Forward  bias,  therefore, 
reduces  the  resistance  of  the  PN  Junction 
and  allows  majority  carriers  to  Cross  the 
junction . 

figure  29-13  shows  the  result  of  REVERSE 
bias  being  applied  to  a  PN  junction  diode. 
Reverse  bias  places  a  negative  voltage  on  the 
P-t^pe  material  and  a  positive  voltage  on 
the  N-type  material.  This  bias  aids  the 
junction  E  field  and  increases  the  barrier 
iieight  and  width.  Notice  that  the  majority 
carriers  in  the  K  and  P  material  are  now 
aligned  with  the  forbidden  bands  of  the 
adjacent  material.  This  preveTits  majority 


Barrier  Height,  Width,  and  Junction  E  Field 

carrier  current  flow.  The  minority  carriers 
are  now  properly  aligned  for  conduction  and 
will  produce  a  small  current  (^A)  flow  when' 
connected  in  a  circuit.  A  reverse  biased  PN 
junction  diode  has  very  high  resistance  and 
a  small  minority  carrier  current  flow,  ^ 

Figure  29-14  graphically  depicts  the  rela- 
tionship of  forward  and  reverse  bias  voltages 
to  current  flow  in  a  typical  PN  junction 
diode. 

In  the  forward  bias  portion  of  the  graph, 
the  resistance  of  the  diode  can  be  computed 
using  Ohm's  Law.  For  instance,  the  resis- 
tance at  point  B  would  be: 


1      50  mA 

111  the  reverse  bias  area,  the  resistance  of 
the  diode  at  point  C  would  be: 

E  80V 

The  solutions  readily  show  that  a  PN  junction 
diode  offers  very  little  opposition  to  current 
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Figure  29-16.  Physical  Appearance  of  Semiconductor  Diodes 


flow  it^  the  forward  bias  direction  and  an 
extremely  high  opposition  to  current  flow  In 
tlie  reverse  bias  direction. 

A  PN  junction  diode  can  be  destroyed  if 
excessive  forward  or  reverse  bias  voltages 
are  applied.  On  the  graph  in  figure  29-14, 
operation  of  the  diode  beyond  point  £  will 
Cause  excessive  heat  to  be  generated  {Power 
^  IE).  This  heat  energy  will  cause  an  exces- 
sive number  of  electron-hole  pairs  to  be  gen- 
erated and  destroy  the  semiconductor 
material.  In  the  reverse  bias  direction,  when 
the  voltage  becomes  excessive  (point  D), 
there  is  sufficient  energy  supplied  to  the 
covalent  bonded  electrons  to  cause  them  to 
break  their  bonds  and  reach  the  conduction 
band.  This  results  in  avalanche  current  and 
causes  structural  breakdown. 

The  schematic  symbol  for  a  PN  Junction 
diode  is  shown  in  figure  29-15.  The  lead 
connected  to  the  P-type  material  is  called 


the  ANODE  and  the  lead  connected  to  the 
N-type  material  is  the  CATHODE.  Majority 
current  direction  is  from  cathode  to  anode 
and  minority  current  direction  is  from  anode 
to  cathode. 

Figure  29-16  shows  some  typical  PN 
junction  diodes  and  identifies  the  cathode 
lead.  Note  the  distinctive  markings  or  shape 
of  this  lead. 


MODULE  30 

TRANSISTORS 

Transistors  are  manufactured  by  sand- 
wiching a  thin  piece  of  N  type  material 
between  two  piecss  of  P  type  material  or 
by  sandwiching  a  thin  piece  of  P  type 
material  between  two  pieces  of  N  type 
material.  This  results  in  the  formation  of 
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Figure  30-1,  Pictorial  and  Schematic  Diagrams  of  PNP  and  NPN  Transistors    ^^p^'-^  ' 

lead  the  direction  of  the  arrowhead  iden-* 
tllies  the  type  transistor  (NPN  or  PNP}, 

Transistors  have  two  PN  Junctions;  the 
emitter/base  (EB)  Junction  and  the  collector/ 
base  (CB)  Junction*  For  conduction  the  EB 
Junction  is  forward  bisised  and  the  CB  Junc^ 
Uon  is  reverse  biased*  Figure  30-2  shows  ihe 
result  of  forward  biasing  a  NPN  transistor^ 
and  figure  30-3  depicts  the  result  of  forward 
biasing  a  PNP  transistor* 


the  PNP  and  NPN  transistor  as  shown  In 
figure  30-1 A  and  B, 

Metallic  contact  points  are  bonded  and 
leads  are  attached  to  each  section*  The  thin 
region  is  called  the  base  and  the  other  areas 
are  called  the  emitter  and  collector*  The 
emitter  Is  normallysmaller  and  more  heavily 
doped  than  the  collector  and  the  base  region 
is  lightly  doped*  Note  that  the  arrowhead  on 
on  the  schematic  diagram  is  on  the  emitter 
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Figure  30-2*  Pictorial  and  Energy  Level 
Diagram  of  a  Biased  NPN  Transistor 


Figure  30-3.  Pictorial  and  Energy  Level 
Diagram  of  a  Biased  PNP  Transistor 
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Figure   30-4.  Schematic  Symbols  for 
NPN   and  PNP  Transistors 

The  forward  bias  voltage  (V^g)  causes  an 
Injection  of  majority  carriers  from  the 
heavily  doped  emitter  region  into  the  thin, 
Ughtly  doped  base  region.  Once  in  the  base 
region,  the  injected  carriers  become 
minority  carriers.  These  minority  carrier:; 
in  the  base  are  subjected  to  two  forces;  one 
is  the  attraction  of  the  V££  forward  bias 
voltage  and  the  other  force  is  the  extremely 
intense  ''E"  field  of  the  CB  Junction  produced 
by  the  large  reverse  bias  voltage  (V^;;^). 


From  92  to  99%  of  the  Injected  carrlrrs  will 
move  to  the  collector.  From  1  to  8%  of  the 
carriers  will  return  to  the  forward  bias 
source  (V^e).  The  current  distribution  of 
transistors  Is  as  follows: 

Emitter  Current  (%)  =  100% 
Base  Current  Ub)  =  1  to  8% 
Collector  Current  (1^)  =  92  to  99% 

The  only  difference  in  the  operation  of  the 
NPN  and  PNP  transistors  is  the  voltage 
polarities  and  direction  of  external  current 
flow.  The  larger  the  percentage  of  transfer 
of  majority  carriers  from  the  emitter  region, 
through  the  base  region  to  the  collector 
region,  the  more  efficient  the  transistor  • 
Figure  30-4  indicates  the  external  circuit 
current  direction  and  the  relative  magnitudes 
of  the  current  for  NPN  and  PNP  transistors. 

The  significant  fact  that  makestransistors 
useful  in  electronics  Is  the  effect  that  small 
forward  bias  voltage  changes  have  on  the 
transistor  current;?.  Figure  30-S  Illustrates 
the  controlling  effect  that  forward  bias  volt- 
age changes  have  on  transistor  currents  in 
relation  to  barrier  heights  and  widths  for 
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Figure  30-6.  Controlling  Effect  of  Forward  Bias  (PNP),  Resulting  Hole  Flow, 
(center),  and  Energy  Level  Diagram  (bottom) 


an  NPN  transistor*  Figure  30-6  illustrates 
the  same  information  for  a  PHP  transistor. 

Figure  30-7  diagrams  the  forward  bias 
voltage  relationship  with  collector  c'jrrent* 


The  graph  shows  the  extremely  nonlinear 
relationship  that  exists* 

Because  of  this  nonlinear  relationship^ 
further    discussions    about   forward  bias 
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Figure  30-7,  Nonlinear  Characteristics  of  Emitter- Base  Voltage  vs  Collector  Current 


II 


50         100        150  200 
BASE  CURRENT  IN  MiCROAMPSUg) 

REP4*633 

Figure  30-8.  Linear  Characteristics  of 
Base  Current  vs  Collector  Current 

changes  will  be  referred  to  as  base  current 
changes  rather  than  emitter/base  voltage 
changes.  Figure  30-8  shows  the  Unear  rela- 
tionship between  base  current  and  collector 
current  changes* 

Another  transistor  current  that  has  not 
been  discussed  Is  the  minority  current  that 
flows  across  the  reverse  biased  CB  junction. 
This  current  is  in  the  ordtarof  microamperes 
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Figure  30-9.  Iq^  in  an  NPN Transistor 

and  can  not  be  measured  when  normal  tran- 
sistor currents  are  present*  Tomeasurethis 
current  the  forward  bias  is  removed  and  the 
current  observed  as  illustrated  In  fl^re 
:0-9* 

The  term  IcBO  used  to  identify  this 
current  as  the  current  (I)  between  the 
collector/base  (CB)  junction  with  the  emitter 
lead  open  (O).  The  magnitude  of  this  current 
is  dependent  primarily  upon  temperature.  An 
increase  in  temperature  of  8  to  10*  Celsius 
will  double  the  magnitude  of  I^^q*  Changes 
in  the  value  of  tht*  V^^.^^.  supply  voltage  will 
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Figure  30-10.  Bias  Polarities  and  Current  Directions 
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havi*  llttli*  or  no  effect  on  the  niJiKnltuUo  n( 

Figure  30-10  shows  biajslng  posaiblUUes 
for  NPN  and  PNP  transistors  using  two 
voltage  sources. 

Figure  30-11  Illustrates  methods  of 
obtaining  the  same  voltage  distributions  usin(c 
a  single  voltage  souree. 


folh>wlnK  thu  *^  b'Atiir  ronflKnriitlons: 


1,  TUe  Cunnnon  Emitter  (CE), 

2,  The  Common  Base  (CB). 

3,  The  Common  Collector  (CC), 
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Figure  30-11.  Biasing  a  Transistor  from  a  Voltage  Divider 


13 


t 

NPUT 


OUTPUT 


A.     GROUNDED  EMITTER 


t 

INPUT 


INPUT 


i 


DUTPUT 


B.    GROUNDED  6ASE 
-O 


OUTPUT 


I 


C.  GROUNDED  COLLECTOR 


Figure  30-12.  Transistor  Configurations 


Figure  30-12  shows  these  configurations 
and  their  relationships.  Notice  that  the 
grounded  element  is  being  used  as  the  com- 
mon point  of  reference  in  each  configuration^ 
thus  the  terms  COMMON  or  GROUNDED  are 
used  to  Identify  each  configuration. 

The  common  (grounded)  emitter  config- 
uration will  be  discussed  first.  In  this  cir- 
cuit, the  control  that  base  current  (Iq) 
maintains  over   collector  current  {I^)  Is 


Figure  30-13.  Static  CE  Configuration  Test 
Circuit 


called  the  forward  current  transfer  ratio 
and  Is  referred  to  as  BETA  (/5)t  stated 
mathematically  as: 

Alp 

P  -       -   with  V^g  constant 
3 


Th:  Greek  letter  Delta  (A)  in  the  formula 
is  used  to  indicate  a  change.  The  value  of 
beta  will  be  different  for  each  typfl  transistor 
that  Is  manufactured.  Figure  30-13  shows  a 
static  CE  configuration  test  circuit  and 
figure  30-14  shows  a  family  of  character- 
istic curved  for  a  2N334  transistor*  The 
static  circuit  Is  used  to  develop  the  charac- 
teristic curves.  The  curves  are  normally 
developed  and  provided  by  the  manufacturer. 
The  curves  depict  the  relationship  of  col- 
lector to  emitter  voltage  to  collector  current 
for  different  values  of  base  current. 

Using  the  characteristic  curves  for  a 
2N334  transistor  (figure  30-14),  the  control 
that  Ig  exhibits  over  Ip  can  be  computed. 
With  a  constant  V^g  of  Zt)  V,  a  2S  ^  change 
in  Ig  (from  75  \sA  to  100  \sA)  results  in  a 
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Figure  30-14,  ,CE  ChatacterisUc  Curve 
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Change  in  1^  of  IJ  mA  (from  1,5  mA  to 
2,6  mA),  Thus,  the  forward  current  transfer 
ratio  (BETA)  is  44, 

In  the  common  (grounded)  base  conligura- 
Uon,  the  control  that  emitter  current  (ig) 
exhibits  over  collector  current  (I^)  is  called 
forward  current  transfer  ratio  and  is 
referred  to  as  ALPHA  (a)-  It  is  stated 
mathematically  as: 


with  constant, 
CB 


Figure  30-15,  Static  CB  Conllguration  Test 
Configuration 


As  with  beta,  the  value  of  alpha  differs 
with  each  type  transistor.  Figure  30-15 
shows^a  static  CB  configuration  test  circuit 
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Figure  30-16.  CB  Characteristic  Curves 


and  figure  30-16  shows  a  family  of  charac- 
teristic curves  for  a  2N334  transistor.  The 
curves  depict  the  relationship  of  V^g  to  I^;. 
for  different  values  of  Ig, 


Using  the  characteristic  curves  for  a 
2N334  transistor  (figure  30-16),  the  control 
that  Ie  *^  civ^r  ^C  ^  computed.  With 
a  constant  V^b  15  V,  a  2  mA  change 
in  l£  (from  1  to  3  m  A)  results  in  a  change 
in  Ic  of  K95  mA  (from  ,95  niA  to  2.9  mA), 
Thus,  the  forward  current  transfer  ratio 
(alpha)  is  ,975,  Note  that  alpha  is  less  than 
one. 


In  the  common  (grounded)  collector  con- 
figuration,  the  control  that  Ib  exerts  over 
't  Is  called  the  forward  current  transfer 


ratio  and  is  referred  to  as  GAMMA  (7^)^ 
It  is  stated  mathematically  as: 


^  B 


with  V^^  constant. 


Output  characteristic  curves  are  seldom 
prepared  for  the  common  collector  config- 
uration. Gamma  Is  computed  by  calculating 
beta^  then  adding  one  (1)*  The  formula  now 
becomes: 


7-  ^ 


+ 1 


For  example,  gamma  for  a  2N334  transistor 
would  be  beta  (44)  +  1  or  45. 
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Figure  31-1,  Common  Emitter  Amplifier  (NPxN) 
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Figure  31-2,  Common  FniJtter  Amplifier  (PNP) 


MODULE  31 
AMPUFIER  PRINCIPLKS 

Amplification  factor  Is  the  ratio  of  the 
output  changes  to  Input  changes  and  is  called 
gain.  These  changes  can  be  In  the  form  of 
current,  voltage,  or  power*  The  amount  of 
gain  reallzeil  In  a  transistor  amplifier  Is 
dependent  upon  the  type  of  configuration  and 
the  value  of  circuit  comi>incnts.  Figure  31-1 
illustrates*  a  basic  common  emitter  amplifier 
using  an  NPN  transistor.  Components  s«rve 
the  following  functions: 

Ql  -  Amplifying  device 

-  Develop  output  signal 

-  provide  bias 

Cp  -  Coupling  capacHor 


On  the  positive  alternation  of  the  Input 
signal,  forward  bias  ia  Increased,  resulting 
In  an  Increase  in  Ie,  Ib»  Iq'  voltage 
drop  across  Rl  (^m)  Increase, 
causing  Vq  (the  output  voltage)  to  decrease* 

On  the  negative  alternation  of  the  Input 
signal,  forward  bias  Is  decreased,  resulting 
In  a  decrease  In  Ig,  Ib'  ^  ^C*  ^RL 
decrease,  causing  to  increase.  The  Input 
and  output  voltage  waveshapes  are  180*"  out 
of  phase. 

Figure  31-2  Is  a  common  emitter  amplifier 
using  a  PNP  transistor. 

The  PNP  transistor  amplifier  operates  Uke 
the  NPN  transistor  amplifier  except  for  the 
direction  of  current  and  the  polarity  of  the 
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voltages.  On  the  positive  alternation  of  the 
Input  signal,  forward  bias  is  decreased^ 
decreasing  I^,  Iq»  and  Iq.  E^^^  decreases 
and  Vq  (output)  becomes  more  negative. 
On  the  negative  alternation  of  the  Input 
algnal ,  l£,  Iq,  and  I3  Increase.  EpL 


in- 


creases and  Vq  becomes  less  negative.  The 
Input  ^d  output  voltage  waveshapes  are 
180^  out  of  phase. 

The  significance  of  the  above  changes  is 
their  magnitude.  In  the  CE  configuration,  the 
output  signal  voltage,  current,  and  power 
changes  are  larger  than  the  input  signal 
changes.  The  family  of  characteristic  curves 
will  be  used  to  illustrate  this  fact.  Figure 
31-3  is  a  basic  transistor  amplifier  circuit 
with  component  values  and  figure  31-4  Is  the 
characteristic  curves  and  load  line  for  this 
circuit.  The  load  Une  Is  the  Une  that  extends 
from  point  A  to  point  B  and  represents  the 
relationships  between  and  1^  for  specific 
values  of  Iq.  The  load  line  is  constructed 
by  considering  the  two  extreme  biasing 
conditions  (cutoff  and  saturation)  for  the 
transistor.  At  cutoff,  no  collector  current 
win  flow  and  would  be  the  applied  volt- 
age, or  25  V  (point  A),  At  saturation,  the 
transistor's  resistance  is  zero  and  collector 
current  would  be  5  mA  (point  B).  Connecting 
points  A  and  B  result  in  the  load  line. 

The  operating  point  (Ig),  often  referred  to 
as  the  QUIESCENT  or  Q  point,  is  determined 
by  using  Ohm's  law: 


Figure  31-4.  Load  Line  for  2N1 18  Transistor 
(Common  Emitter  Configuration) 


CC 


25V 


B 


250  kA 


100 


Note  point  Q  on  figure  31-4.  With  an  Igof 
100  ^A,  V      »  12.5  V  and  I    =  2.5  mA. 

With  an  input  signal  of  50  ^A  Pk-Pk  base 
current  will  vary  from  75  ^a  to  125 
(points  C  and  D).  On  the  positive  alternaUon, 
when  Increases  from  100  ^A  to  125  ^A, 
Iq  Increases  from  2.5  mA  to  3.5  mA  and 
Vq  decreases  from  12.5  V  to  7.5  V,  On  the 
negative  alternation,  when  Ig  decreases  from 
100  ^A  to  75  ^A,  Iq  decreases  from  2.5  mA 
to  1.5  mA,  and  Vq  Increases  from  12.5  V 
to  17.5  V.  Figure  31-5  summarizes  this 
action. 

Actual  current  gain  (A^)  can  be  computed 
using  the  values  obtained  from  the  load  line. 
The  formula  for  Ai  Is: 


Output  current  change 
Input  current  change 


A I 
ST 


B 


2  mA 

'50mA 


=  40 


Therefore,  the  2Nlld  transistor  in  the  C£ 
configuration,  with  a  load  resistor  of  5  k 
ohms,  will  have  a  current  gain  of  40.  Output 
current  changes  are  40  times  greater  than 
input  current  changes. 
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Figure  31-5.  Load  Une  Summary 


To  determine  the  actual  voltage  gain  ^Av)t 
the  value  of  the  Input  voltage  change  (AVbe) 
must  be  first  determined.  This  can  be  com- 
puted by  using  the  formula: 


BE 


=  J5  V 


The  voltage  gain  can  now  be  determined  using 
the  formula: 


.  ^  output  voltage  change  _  ^^CE 
^      Input  voltage  change   "  Av 


BE 


10  V 
.15  V 


=  66.6 


Therefore  a  2N:i8  transistor  in  the  CE 
configuration,  with  a  load  resistor  of  5  k 
ohms,  has  a  voltage  gain  of  66,6.  Output 
voltage  changes  are  66,6  times  greater  than 
input  voltage  changes.  The  power  gain  {Ap) 
can  be  determined  by  using  either  formula: 


Ap  =  A-  X        =  40  X  66.6 


2666 


Output  po\ver  p  out 
Input  power   ^  P  in 


Output  and  input  pOwer  values  are  determined 
using  the  formulas: 


P  out  =  Av^g  X  Al^  MOV  X  2  mA  =  20  mW 


Pin=  ^^BE'^^^b'  ^I5Vx50^A=7.5mW 
Therefore: 


A   '  P  Qut 
P'  Pin 


20  m'.V 


=  2666 


The  2NU8  transistor  in  the  CE  configuration 
with  a  5  k  ohm  load  resiator  hks  2666  times 
naore  output  power  than  input  power. 
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U       4. 2k  ohms 


^l^^  ^  2.1mA  P-P 

^V^,  =  8V  P-P 

Al  =  42 
Av  =  53.3 
Ap  =  2238 
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figure  31-6,  Comiiicii  Emuit,-!  AmpUUer 
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Kain  v;iluf*n,  charactertHtic  curvofi  ^nd  load 
liito  for  the  2NL18  tranfilator  wUh  a  load 
roHUtor  Kit  4.2  kohm».  Notirethatdecroaning 
Uic  resistive  load  Incr^aHOU  the  alope  ot  Uio 
load  line.  Comparing  the  gain  values  for  this 
circuit  with  the  prfivioua  clrcniit,  you  ahould 
notice  that  the  size  of  Ri  affects  amplifier 
Itain  and  the  slope  of  the  load  line.  The  cur<- 
rent  gain  increases  with  an  Increase  In  the 
filopc  of  the  lo^d  Line  (decrease  R> )  and  the 
voltage?  gain  and  decreasing  currenCgain.  The 


A.  NPN  CE  Ampimer 


not  '  '^li-   

Rl  ^auaed  ix^wor  \^*\U\  to  UiMM4?aj<?.  Ptfuev 
giiin  vUl  be  iiKxxiinuiii  when  tlto  liitpf^danct^s 
:tre  matched*  Impf^daiu     matcliing  will 
dt^cuBsed  Later  in  the  course. 


Figure  31-7  llluairateH  method*;  nf 
arranging  the  common  emitter  amplifier 
and  shows  current  direction  for  NPN  iind 
PNP  tranaifltors. 


B.  Alternate  Power  Connection  (NPN) 


Figure  31-7.  Common  Emitter  Amplifier 
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Figure  31*8,  Common  Base  Conflguratton 


Figure  31-fl  tUnstrates  the  common 
(grounded)  base  amplifier  using  NPN  and 
PNP  transistors.  It  also  depicts  the  Input 
and  output  waveshapes*  consider  the  NPN 
circuit  first*  On  the  positive  alternation  of 
th*  input,  forward  bias  decreases,  thus 
decreasing  Ig,  Ifl*  EpL 
Increasing  the  collector  {^q)  voltage.  On 
the  negative  alternation,  forward  bi;is  is. 
Increafiea,  thus  Increasing  Ig,  Ig,  and  l(j- 
i^icreases  wUich  decreases  v^*  In  tho 
PNP  circuit,  the  positive  alternation 
Increases  lorward  bias*  l£,  Iq,  and  Iq 


Increase  and  decreases  V^;.  The  negative 
alternation  decreases  forward  bias,  thus 
decreasing  Ig,  1^  and  I^  and  increasing 
Vq.  Note  that  the  coro^ion  base  amplifier  has 
no  voltage  phase  ishift  between  Input  and 
Output* 

The  magnitude  of  the  voltage  and  current 
changes  can  be  analyzed  using  the  character* 
Istic  curves  and  load  line.  Refer  to  figure 
31*9  and  observe  the  load  line  for  a  2NII7 
transistor*  [n  the  common  base  configuration 
with  a  load  resistance  {R^)  of  4  k  ohms. 
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Figure  31-9,  Load  Line  for  2N117  Transistor  (Common  Base  Configuration) 
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the  UrAii  line  UUb  between  20  V  (tranrtlfUoi- 
nit  off)  tti      ot  5  riA  (tranflUtor  aaturalctl)* 

TUe  ciulescent  (Q)  point  Lf<  ciGtcrmiaeU  by 
Ohrik'f]  law  usinfi  the  value  of  n^;  and 
^Eb  foUowlnjt  formalu: 


KB 


-IV 


'E  f  R^^  ^  3250  ^  1750  "  500 

E  EB 


=   2  ni  A 


At  the  Q  point  Iq  ^  1*95  mAand  Vq^  -  12*5  V, 
Figure  SI-'IO  summarizes  the  effect  of  a  2 
mA  PiC-Pk  input  signal. 


(Ay)*  To  comiiutr  till*  A  ,  iUv  Lik[)Ut  Voit^tK  ' 
chaitge  muKt  fir*Hl  fMi'rniiitrd  [iuiun  thJ  ■ 
formula: 

UsinK  this  value  and  thr  output  voltag. 
chain5<j  (AV(;|3)  from  figure  31-10,  artiial 
voltage  gain  can  l>e  determlitecL 


Av 

output  voIt;ige  change   

^  ^   Input  voltage  change  " 


CB  7*7^ 


=  22.1 


Actual  current  gain  (Ai)  can  be  determined 
using  the  following: 


output  current  change 


l.flmA 


^  ^  input  Current  change    "  Al-  ^  2mA 


=  .95 

Actual  current  gain  for  a  common  bajse 
amplifier  Is  always  less  than  one.  A  common 
base  amplifier  doe.s  produce  a  voltage  gain 


The  power  gain  (A^)  is  computed  using  the 
formula; 


A„  = 


Pout  _  ^^CB  ^  ^  7.75VX  1.9mA 
p  ^  P  In  "  Av^^x  AI^  "    .35  V  X  2mA 

I4>725  mw 
.7  m'V 
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As  with  the  common  emitter  amplifier^  the 
gain    of   the    common   base  amplifier  is 


Figure  31'10.  Load  Line  Summary 
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Figure  31*11.  Common  Base  Amplifiers 


depeudent  on  the  value  of  the  load  resistor. 
Decreasing  R^^  increases  the  slope  of  the 
load  line,  increases  Aj  and  decreases  A^- 
R>wer    sain    is   dependent  on  impedance 

matching. 

Figure  31*11  illustrates  some  typicalcom- 
mon  base  amplifiers  and  shows  current 
direction  for  NPN  ^and  PNP  transistors  i 

Figure  31-12  illustrates  an  NPN  and  a 
PNP  common  collector  amplifier  with  cur- 
rent direction.  Resistor  H£  is  the  output 
load  resistor. 

First,  we  shall  analyze  the  NPNtransistor 
circuit  in  figure  31-12A.  On  the  positive 
alternatiOHT  forward  bias  increases  which 
increases  l£,  I3  and  Iq*  The  increased  l£ 
increases  the  voUnge  across  R£  and  causes 
the  output  vititat;*;  to  apprortch  z€ro.  On  the 
netjativt*  dltcrniition,  1^,  i^-  und 
decre:ii.e  juj  Uu*  output  voltage  approaches 


The  PNP  transistor  circuit  decreases  in 
conduction  on  the  positive  alternation  causing 
the  output  voltage  to  approach  ^V££.  The 
negative  alternation  increases  conduction 
which  results  in  the  output decreaslngtoward 
zero.  Because  the  emitter  voltage  follows 
the  input  voltage  changes,  the  common  coU 
lector  is  often  referred  to  as  an  EMITTER 
FOLLOWER.  The  input  and  output  voltage 
waveshapes  are  in  phase. 

Characteristic  curves  are  not  normally 
developed  for  the  common  collector  ampli-^ 
fier.  To  deterroinfe  the  output  voltage  amph* 
tude,  consider  the  IV  pK'Plc  input  applied 
to  the  common  collector  amplifier  In  figure 
31*13.  Assume,  for  example,  that  R3£  and 
R£  are  equal  In  resistance  and  the  Input 
signal  will  be  divided  equally  between  them. 
Because  of  this,  the  output  voltage  can 
never  equal  the  input  voltage  and  the  voltage 
gain  (Ay)  is  always  Less  than  one.  Current 
gam  in  the  common  collector  amplifier  is 
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Figure  31-12.  Comjuoii  Collector  Confi^uratiOQ 


higher  thaa  ia  the  comnioa  baae  or  rum- 
mou  emitter  <*Q)pU(itir5.  (Gaiiinici  ^  [3  * 

lu  a  coamiuQ  coUt^ctor  amplifier^  th^  output 
voltage  (Vg)  IS  always  opposing  the  iaput 
voltage^  For  instance,  whea  the  iaput  to  :iq 
NPN  amplifier  ^oes  positive,  forward  bia^ 
i::^  Liicreiiiieil  g^ith  an  accompanying  increi^se 
ill  emitter  tiurrent  andvoltage.  The  increatied 
c-initter  voltage  (more  iXJSUive)  will  attempt 
Ut  reduce  the  forward  bias  und  opi>o±ie  the 
action  of  the  input.  TJus  action  is  reieii^rA 
to  as  DEGENERATION.  Degeneration  i.s  tJie 
(icoceas  of  retunung  a  portion  df  the  oufpui 
signal  to  the  input  of  an  amplifier  m 


Figure  31-13.  Common  Collector  Auit>lifior 


:>uch  'A  manner  that  it  cancels  part  of  the 
input  si^Luti,  Tiiis  results  ina  reduced  ampli- 
fier gain,  h*?iic*;  an  of  less  than  one  in 
Uie  common  collector  amplifier. 

iucroa^iti^  the  re^^istive  value  of  the  load 
resifitor  (witluu  limits)  will  result  In  an 
increaf^eij  voltage  ^,\in  (approaching  one)  and 
a  corre±itXjLuhii(;  decrease  iti  current  gain. 
The  powlM'  gain  is  dependent  on  impedance 
matchinu.  Maxuimm  power  gain  is  realized 
wheii  iniped;iit4'e.^  are  matched. 

iJiSTOHTiON  results  when  there  Is  an 
imJe±iirivJ  ch;inge  .^^  the  output  waveform 
of  an  auipliJfier.  Three  types  of  distortion 
arc  fre^iuency,  phase,  and  amplitude.  When 
iiiQ  output  of  an  amplifier  is  changed  so  that 
its  auiplitude  is  no  longer  proportional  to 
tlie  amplitude  of  the  input  signal,  amplitude 
distortion  is  present.  Operating  an  amplifier 
in  the  nonlinear  rc|*:ion  of  the  dynamic  trans- 
fer curve  will  cause  amplitude  distortion. 
When  an  amplifier  is  unable  to  provide  equal 
amplification  for  all  frequencies  applied  to 
its  input,  frequency  distortion  is  present. 
The  primary  cause  of  frequency  distortion 
i:i  the  reai'tive  components  (inductors  and 
capAfitor^)  in  th^  amplifier  circuitry, 

'^Ui'ii  :iome  frequencies  applied  to  an 
;ii\>^Ufier  do  itot  receive  the  same  time 
delay         other    frequencies^,  then  phase 
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Figure  31-14,  I^-^  Versus  Temperature  in 
Nonstabilized  Circuits 

distortioti  is  present.  Phase  distortion  is  also 
caused  by  reactive  components  in  the  ampli- 
fier circuitry. 

All  semiconductor  material  is  sensitive  to 
temperature  changes.  An  increase  in  temper- 
ature will  result  in  a  decrease  in  the  resis- 
tance of  the  material,  thus  a  negative  temper- 
ature coefficient  of  resistance,  in  transistor 
circuitry,  the  regative  temperature  coeffi- 
cient has  a  significant  effect  on  the  circuit 
operation.  Figure  31-14  illustrates  \  the 
changes  in  output  current  (I^)  ofanampUfler 
resulting  from  changes  in  temperature. 

In  most  instances,  this  change  in  collector 
current  can  not  be  tolerated,  therefore 
temperature  st^thilizing  circuits  have  been 
developed.     Collector    current  variations 


Figure  31-15.  Swamping  Resistor 
Stalilization 

occur  because  of  emitter/base  resistance 
(R£B  )  changes  and  IcBO  changes.  R^q 
changes  will  be  considered  first.  Anincrea*^e 
in  temperature  will  decrease  R^e* 
increasing  forward  bias  which  results  in  an 
increase  in  1^,  Ig  and  1^* 

The  use  of  an  emitter  swamping  resistor 
(figure  31-10)  can  mlniniize  the  change  Inl^-. 
Increases  in  temperature  result  in  an 
increase  in  the  voltage  across  R^  (swamping 
resistor)  which  wlM  tend  to  oppose  the 
change  In  forward  bias,  thus  minimizing  the 
change  in  Ic*  A  distln*.t  disadvantage  of  the 
swamping  resistor  is  that  it  will  produce 
degeneration  and  reduce  amplifier  gain.  This 
can  be  prevented  by  using  a  c;.pacltor  in 
parallel  with  R^,  which  has  ^  lo'v  reactance 
to  the  input  signal  frequency.  Figure  31-16 
illustrates  the  use  of  this  capacitor. 


Emitter  bypass 

-i-   -±-  CAPACITOR 
Figure  31-16,  Placing  Emitter  at  AC  Ground 
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Figure  31*17.  Self-Blag  StablUz^tion 


Figure  31-19.  Thurmlstor  Stabilization 


The  circuit  now  compensates  for  R^g 
changes  caused  by  temperature  without 
reducing  gain.  Figure  31^17  through  31*19 
show  other  methods  us^d  to  minimize  1^ 
changes  caused  by  temperature. 

In  the  self-bias  stabilizing  circuit,  temper* 
ature  increase  causes  Iq  to  increase  and 
to  decrease.  This  decrease  Is  coupled 
back  through  Rq  and  decreases  forward 
bias.  The  disadvantage  of  this  arrangment 
is  that  Rj^  also  couples  back  part  of  the 
output  signal.  This  degenerative  feedback 
reduces  amplifier  gain.  The  use  of  a  low 
pass  filter,  R^j,  Rp2  and  Cp  {figure  31-18) 
prevents  this  loss  of  gain  (degeneration), 
while  providing  temperature  stabilization. 

Figure  31*20  Illustrates  the  stabilizing 
effect  that  the  thermistor,  the  forward  biased 
diode,  and  the  emitter  swamping  resistor 
have  on  collector  current.  Notice  that  stabl-^ 
Uzation  decreases  rapidly  between  50*  and 
75*  Celsius, 


Figure  31-1 9,  Self-Bias  Stabilization 
(w/o  AC  Degeneration) 


All  circuits  previously  discussed  com- 
pensate only  for  R^b  changes.  The 
decreased  stability  above  50^  Is  the  result 
of  IcBO  caused  by  temperature. 

Figure   31-21   shows   the   path  for  Iporx* 
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Figure  31-20,  I^;   vs  Temperature 


Figure  31-21.  Flow  of  1^ 
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Figure   31-22.   Reverse  Bi:i5ed  Diode 
Stabilization 

The  value  of  Iqqq  doubles  with  an  ft  to 
10  degree  Celsius  ctiange  in  temperature. 
At  25*  C,  I^gQ  is  In  the  order  of  micro- 
amperes and  ftas  very  little  effect  on  I^. 
Above  50*  C,  l^^Bo  ^laa  become  larger  and 
will  result  in  a  notn^eable  ctiange  in  the  for-* 
ward  bias  voltage  across  Rg.  These  forward 
bias  changes  will  be  amplified  by  the  factor 
beta  (y3)  and  will  result  in  a  significant 
change  in  I^^.  Figure  31-22  shows  how  a 
reverse  biased  diode  can  be  used  to  minimize 
this  change. 
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n*vvorR**  bla^i^d  dlod<y,  CRl,  replaces  Rg. 
Tho  magnitude  of  minority  current  through 
CItl  eqiialfi  IcoO  ^^^^  change  with  temp* 
*yraturfl.  Forward  bias  chanf^es  are  prevented 
and  th<y  only  change  in  Iq  Is  the  additional 
'CB^'  In  othor  wnrds.  CRl  pr*yvents  ^qj^q 
<Um\^ok  from  bfvlnf;  amplified  by  the  fartor 
BETA. 

Additional  stabilization  can  be  achieved 
using  a  combination  of  forward  and  reverse 
biased  diodes  as  illustrated  Inflgure  31^23A. 
Figure  31-238  graphically  Illustrates  the 
comparison. 

Amiplifiers  are  seldom  used  alone*  Nor- 
mally two  or  more  of  them  are  connected 
to  achieve  desired  gain.  When  the  output  of 
an  amplifier  is  applied  to  the  input  of  the 
next  amplifier,  they  are  said  to  be 
CASCADED* 

There  are  four  ba^ic  methods  of  coupling 
the  output  of  one  amplifier  to  the  input  of 
the  next.  They  are  direct ^  resistive/ 
capacltive  (RC)*  Impedance  and  transformer. 
Each  type  of  coupling  affects  an  amplifier's 
attlity  to  provide  equal  amplification  at  all/ 
frequencies*  ^ — 


TEMPERATURE  *C 


Figure  31-23.  Double  Diode  Stabilization  Circuit  and  Graph 
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Figure  31-24-  Direct  Coupling  with  Frequency  Response 


Figure  31-24A  sUows  an  examDle  of  direct 
Coupling  and  figure  31-24&  Illustrates  the 
relationship  of  gain  versus  frequency  for 
this  type  coupling. 

The  loss  o:  gain  at  high  frequencies  is 
caused  by  the  Interelement  and  stray  capa- 
citances. Fl^re  31-25  shows  interelement 
capacitance. 

Figure  31-26A  shows  anRC  coupled  ampli- 
fier and  figure  31-26BgraphicaUylllustrates 
the  gain  versus  frequency  relationship. 

The  loss  of  gain  at  the  low  frequencies  is 
due     to    the    reactance   of  the  coupling 
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Figure  31-25,  Interelement  Capacitance 
of  a  Transistor 
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Figure  31*26.  HC  Coupled  Amplifier  with  Frequency  Response  Curve 
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Figure  31-27.  Impedance  Coupled  Amplifier  with  Frequency  Response  Curve 
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Figure  31-23.  Trans  former- Coupled  Amplifier  with  Frequency  Response  Curve 
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r;iv)ifccUoi\H,  (CI  mwJ  C2).  As  with  direct 
coupLhi^,  Uiv  LuAti  of  Kaln  at  tUgh  frequencies 
i*H  toiiit<*reL<jni€utandstraycapiicit,in€(>.s. 

Fi(^re  31*27  shows  an  impedance  couplod 
ampUfior  wiUt  the  frequency  response  ctirvo« 

m  impedance  coupling,  tJic  amplifier  load 
13  an  inductor  whose  reactance  Is  dependent 
on  frequency.  Recall  that  voltage  gain  is 
dependent  on  the  value  of  the  collector  Load« 
As  frequency  increase?,  Increases  along 
with  the  amplifier's  gain,  jhe  P^ak-point  on 
the  response  curve  Indicates  resonance 
between  the  transistor's  interelement  capa* 
citance  and  the  inductive  load.  Above  this 
frequency,  the  gain  drops  off  because  of  the 
interelement  and  stray  capacitance. 

Figure  31-28  represents  transformer 
coupling  and  the  response  curve. 

The  loes  of  gain  at  low  frequencies  Is  due 
to  the  low  Xl  the  transformer  windings. 
Loss  of  gain  at  high  frequencies  is  caused 
by  the  circuit  capacitances* 


MOrjULK  3a 


SELECTED  SOLID  STATE  DEVICES 


The  Unijunction  Tri*»ii«i:itur 

The  unijunction  transistor  (T/JT)  hiis  twc 
conduction  conditions  and  operates  slntlLar 
to  a  switch.  Figure  33*1  shows  the  basi^r 
construction  and  schematic  symbols  for  the 
UJT. 


When  the  material  between  base  1  (Bl) 
and  base  2  (82)  is  N  type  matf^rial,  the 
emitter  (E)  will  be  p  material.  The 
opposite  18  true  for  the  P  type  UJT,  The 
point  where  the  emitter  region  Is  attached 
to  the  basic  material  forms  a  FN  junction* 
When  the  FN  Junction  Is  forward  biased, 
the  UJT  is  in  Its  high  conduction  or  ON 
state.  Whti^  the  PN  junction  Is  reverse 
biased,  the  UJT  its  low  conduction 

or  OFF  state. 
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Figure  33*lr  Unijunction  Transistor 
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Figure  33*2.  Pictorial  Diagram  of  UJT 
Showing  Low  Conduction  (OFF) 
Condition 

First  consider  a  voltage  applied  between  BL 
and  B2  05  Illustrated  In  figure  33*2. 

The  applied  voltage  will  be  distributed 
evenly  across  the  N  material*  The  emitter 
to  Bl  junction  will  be  reverse  biased  because 
the  voltage  at  the  point  where  the  emitter 
material  Is  attached  to  the  N  material  Is  ^t 
approximately  fI3  V.  The  emitter  current 
at  this  time  will  be  zero  and  the  UJT  wlU 
be  Its  iow  conduction  condition.  This 
situation  Is  Illustrated  the  peak  voltage 
point  (B)  on  figure  33-3. 
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Figure  33-4  represents  the  IukIi  ctnidiic- 
tlon  (ON)  condition  of  the  UJT. 

The  1^  volts  applied  to  tile  emitter  will 
forward  bias  the  emitter-* base  1  Junction  and 
a  high  emitter  current  will  flow*  The  high 
concentration  of  electrons  (carriers)  In  the 
area  between  E  and  Bl  causes  the  resistl* 
vity  of  the  material  to  decrease  ^nd  the 
voltage  across  the  N  material  to  be  redis- 
tributed, as  3hown.  The  emitter  current 
through  Rl  will  drop  the  emitter  voltage 
from  15  V  to  3  V,  Referring  to  figure  33-3, 
the  UJT  Is  now  operating  at  point  C  on  the 
curve. 

The  area  between  points  B  and  C  on  the 
curve  is  referred  to  as  the  negative  resls* 
tance  (*R)  area  because  emitter  current 
Increases  for  a  decrease  in  emitter  voltage. 
The  time  for  the  UJT  to  change  from  Its 
low  conduction  to  Its  high  conduction  con- 
dition Is  e3rtremely  short  and  In  the  order 
of  nanoseconds  (10**).  The  UJT  is  utilized 
In  Instances  where  fast  switching  Is  required. 
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Figure  33'3.  UJT  Characteristic  Curve 
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Figure  33-4.  Pictorial  Diagram  of  UJT 
Showing  High  Conduction  (ON) 
Condition 
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Fl^re  33-5.  Pictorial  Diagram  and  Schematic  Symbols  for  JFETS 


The  Junction  Field  Effect  Transistor  (JFET) 

The  Junction  Field  Effect  Transistor 
(JFET)  is  avallaWii  in  N  and  p  types.  Figure 
33-5A  illustrates  the  basic  construction  of 
an  N-type  JFET  and  figure  33-5B  shows  the 
schematic  symbol  for  N-  and  P-type  JFETS. 

Connecting  a  voltage  between  the  source 
and  drain  as  Illustrated  In  figure  33-6  will 


result  In  drain  current  (Ip)  and  a  voltage 
drop  across  the  bulk  N  material.  The  voltage 
between  points  A  and  B  results  in  a  reverse* 
biased  PN  junction  between  the  gate  and  the 
N  material,  and  produces  a  cone-shaped 
depletion  region  between  the  P-type  gate 
material  and  the  bulk  N  material.  The  deple- 
tion region  completely  surrounds  the  bulk 
material.  The  size  of  the  depletion  region 
controls  the  area  (calledthe  channel), through 


Figure  33-6.  ConducUon  In  an  N-Type  JFET 
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Figure  33-7,  Effect  of  V^^^  on  1^ 
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wiiu  ti  l^j  I'iin  flow.  In  other  worddr  contruH 
LhiK  tlifi  ni^c  of  the  depletion  region  controi.s 
Llj.  InrvrihFiing  the  drain  to  aourre  voUage 
(V^f^)  wiU  increase  and  the  size  oi  the 
depLf^tloii  region  until  the  depletion  leKlon 
be4ioiiit!±«  so  large  that  it  restrlcta  lurttier 
Increases  In  [p.  At  this  point,  the  device 
is  SiUurated.  This  point  Is  referred  to 
channel  plnch-olf  and  further  Increases  In 
Vpg  will  not  produce  a  noticeable  Increase 
ill  Ip. 

The  effect  of  Vpg  changes  Is  Illustrated 
In  figure  33-7.  Point  Vg  on  figure  33-7D 
iH  where  the  breakdown  voltage  of  the  PN 
junction  is  reached. 

The  size  of  the  depletion  region  controls 
dr.iin  current.  Figure  33^9  graphically  lUus- 
tr^ites  the  control  that  a  voltage  applied 
between  the  gate  and  source  leads  (V^g) 
has  on  Note  the  similarity  to  the  charac"* 
teristic  curves  for  a  transistor. 

The  significant  difference  Is  that  with  the 
transistor,  the  base  curreni  (Ig)  controls 
conduction;  whereas  In  the  JFET,  the  gate 
to  source  voltage  controls  the  conduction, 
m  other  woras,  the  JFET  Is  a  voltage-* 
controlled  device.  Smail  changes  In  Vq5 
result  In  large  changes  m  Iq. 

The  JFET  can  be  used  in  three  basic 
configurations.  They  are  the  comiron  source, 
common  gate  and  common  drain.  Figure  33-^9 
illustrates  a  common  source  amplifier. 

Notice  that  no  biasing  voltage  is  required. 
On  the  positive  alternation,  the  reverse  bias 
at  the  gate-* to* source  junction  is  decreased. 
This  action  decreases  the  depletion  region, 
increases  the  channel  sire  and  increases 
drain  current  (Ip).  This  results  In  an  in- 
creased voltage  across  the  load  resistor  and 
a  decreased  output  voltage  (V^g)*  The  nega- 
tive alternation  increases  the  reverse  bia^, 
increases  the  depletion  region,  decreases 
Iq  and  and  Increases  the  output  (Vq^)* 
The  output  voltage  waveshape  Is  larger  than 
the  input  waveshape,  and  ampUlLcatlon  has 
occurred.  The  input  and  output  signal  volt- 
age^i  are  1^10*  out  of  phase.  Positive  or  nega- 
tive  biaMug   voltagfes  f^QS^ 
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Figure   33-8.  N-type  JFET  Characteristic 
Curves 

with  a  JFET  to  move  the  operating  (Q) 
\>Dint* 

The  Metal  Oxide  Semiconductor  Field  Effect 
Transistor  (MOSFET) 

The  construction  ol  an  ^*N*'  Channel  M*tal 
Oxide  Semiconductor  Field  Effect  Transistor 
(MOSFET)  is  illustrated  In  figure  33-10.  The 
P"  channel  MOS  r'^ET  uses  an  N  type  substrate. 

MOSFETS  c^in  be  divided  into  the  enhance- 
ment and  depletion  types.  In  the  depletion 
MOSFET,  the  channel  Is  heavily  doped  and 
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FIjfure  33-10.  Cutaway  View  of  MOSFET 
N  Channel 
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Figure  33-11*  N*- Channel  Enhancement  Type 
MOSFET 
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Figure   33-12*  N-Channel  Depletion  Type 
MOSFET 


produces  high  drain  currents  for  small  drain-^ 
to^flource  voltages*  The  enhancement  type 
MOSFET  is  lightly  (loped  and  1^  Is  smalL 
Figure  33-11  ard  33-12  illustrate  the  effect 
of  Vqs  and  on  the  channel  and  Iq  for 
N  channel  enhancement  and  depletion 
MOSFETS,  The  lightly  doped  enhancement 
type  MOSFET  has  a  large  depletion  region 
which  restricts  channel  area  and  produces 
lew  drain  current.  The  voltage  gradient 
produced  by  Vos  modifies  the  channel 
width,  A  positive  gate-to-source  voltage  in-^ 
creases  or  enchnces  the  channel,  Iq  increases 
with  an  increase  in  the  positive  V^g  voltage. 


36 


63 


GATE 


DRAIN 
BULK 
SOURCE 


N-CHANMEL,  DEPLETION,  PASSIVE  BULK,  MOSFET 
A 


GATE 


DRAIN 

BULK 

SOURCE 


P-CHANNEL,  DEPLETION.  PASSIVE  BULK.  mOSFET 
B 


Gate 


DRAIN 
BULK 
SOURCE 


n^Channel,  Enhancement,  passive  bulk,  mosfet 
c 


Gate 


DRAIN 

BULK 

SOURCE 


p-channEl,  Enhancement,  passive  bulk,  mOSfet 

0 

R€P4'827 

Figure  33-13.  MOSFET  Symbols 

In  the  heavily  doped  depletion  MOSFET, 
the  depletion  region  is  small,  the  channel  is 
large  and  there  is  a  high  drain  current.  The 
voltage  gradient  produced  by  V^g  modifies 
the  channel  and  the  negative  gate- to- source 
voltage  decreases,  or  depletes  the  channel 
width.  decreases  with  increases  in  the 
negative  Vqq  voltage. 

Figure  33-13  shows  the  schematic  symbols 
for  MOSFETS, 
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Figure  33-14.  Energy  Level  Diagram  of  an 
Unbiased  Tunnel  Diode 
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Fijure  33-15.  Energy  Level  Diagram  and 
Characteristic    Curve  for  a  Tunnel 
Diode 

The  Tunnel  Diode 

A  Tunnel  Diode  is  aii  extremely  heavily 
doped  FN  Junction  diode.  Figure  33-14shows 
the  energy  leveldiagramof  anunbiasedtunnel 
diode. 

Ionization  at  the  junction  caused  by  junction 
recombination  results  in  the  displacement 
of  the  energy  bands,  so  that  the  conduction 
band  electrons  in  the  N  material  are  at  the 
same  energy  level  as  the  valence  band  holes 
in  the  P  material.  The  depletion  region  Is 
extremely  thin.  Applying  asmaU  forward  bias 
results  in  the*movementof  electrotis  from  the 
conduction  band  of  the  N  material  directly 
into  ths  valence  band  of  the  Pinaterial*  Holes 
in  the  valence  band  of  the  P  material  move 
directly  into  the  conduction  band  of  the  N 
material.  The  carriers  pass  through,  ortun- 
nel  under,  the  forbidden  band  as  they  move 
across  the  PNJunctlon*  Flgure33^15A depicts 
this  movement  and  figure  33-15B  graphs  the 
voltage  and  current  relationship.  The  current 
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Figure  33-16.  Energy  Level  Diagram  and  Ctiar^icterlstlc  Curve  for  a  Tunnel  Diode 


flow  shown  on  the  graph  between  points  L 
and  3^  occurs    because  of  this  tunneling* 

Increasing  forward  bias  changes  the  rela- 
tionship between  the  energy  levels  of  the  N 
and  P  materials.  The  N  material  Incrfiasea 
in  energy  and  the  P  material  decreases.  Tite 
area  on  the  characteristic  curve  between 
point:^  2  and  3  ts  where  the  following  actimi 
takes  place.  Electrons  in  the  N  material 
become  aligned  in  energy  to  the  forbidden 
baud  of  the  P  material  and  the  holes  in  the  P 
material  become  the  forbidden  band  of  the 
N  material.  This  action  '.s  illustrated  in 
figure  33-16. 

This  Increase  ^n  forward  bias  will  result 
in  decreased  conduction  until  the  majority 


carriers  are  all  aligned  with  the  forbid^^^n 
band  and  current  flow  Is  minimum  (point  3  on 
the  curve).  Between  points  2  and  3  on  the 
curve,  the  tunnel  diode  exhibits  a  negative 
resistance  characteristic  (*R).  As  forward 
bias  is  further  increased^  the  electrons  in 
the  N  material  pasis  into  the  conduction  band 
of  the  P  material  and  the  holes  in  the  P 
material  pass  into  the  valence  band  of  the 
material.  This  is  conventional  conduction 
and  it  is  Illustrated  in  figure  33-17.  The 
area  between  points  3  and  4  on  the  character- 
istic curve  represents  conventional 
conduction. 

The  Varactor  Diode 

A  capacitor  is  described  as  two  conductors 
separated  by  a  dielectric.  A  reverse  biased 
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Figure  Vy-i  - .  Tunn^^l  Diode  Energy  Level  Diagram  and  ChariCteriatic  Curve 
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junction  diode  rxhihits  the  propoities  a 
capacitor.  The  IN  anrJ  P  materi^ils  beciinM' 
the  conductors  iicpurdted  by  the  dcplutiou 
ret^ion  (tliC  dielectric)-  Varying  the  rev*'ri*e 
bioi*  changes  the  uridtti  of  the  depletion  region, 
ttius  chanfciing  the  capacitance  oi  the  diode* 
A  diode  dt?signed  to  be  uaed  as  a  variable 
cdpa*;itor  is  called  a  VARACTOR,  Recall  liie 


formula  for  capacitance: 


Using  tht;  formula,  the  effect  of  changing  the 
reverse  bias  on  capacitance  can  be 
determined.      Increasing      reverse  bias 


uicroitses  the  depletion  reRion  (increased 
dib^tance  -  D)  <;dusij!g  a  decrease  in  capaci- 
tance. Conveisely,  decreasing  r*^verse  bias 
inereases  Lap.ioitance.  Figure  33-lfi  shews 
tli^  scheui<<tu  symbol  and  characteristic 
curve  for  a  varacior  diode, 

file  Silicon  ContrnUed  ^;ectifier 

A  Silicuin  CoatroUed  Rectifier  (SCn)  Is  a 
4  layer,  3  juiu  tlon  device.  Figure  33-*19  Is 
the  pictorial  tliat^iaiu  and  schematic  symbol 
for  the  SC'H-  LOnduetion  in  the  OCR  can  be 


Gate 


ANOUL" 

I 


GATE 
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Figure  33-19,  Silicon  Controlled  Rt  ctUiCi  (SCH)  Structure  and  Schematic  Symbol 
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Figure  33-20.    Biasing  and  Characteristic 
Curve  for  an  SCR 
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^rlilflved  l)y  applying  ainodc  to  catliodr  volt- 
ate*^  ;iitU  a  gate  voLtuKO  tu  tUi»  cathode. 
After  conduction  la  achieved,  tho  anode  to 
c:ithodc  voltage  and  the  gate  lose  rontrol 
of  conduction.  Fl(iure  33-20A  lUufltrates 
Uow  conduction  la  achieved  by  the  appli- 
cation of  an  anode  to  cathode  volt^e  aii.^ 
ftf^urc  33-*20D  lji  the  characteristic  curve. 


Section  I  (Si)  of  the  SCR  Is  more  heavily 
doped  than  section  2  (82)^  Junctions  and 
J3  are  forward  blaaed  and  J2  Is  reverse 


Figure  33-21.  Schematic  Diagram  and 
Characteristic  Curve  for  a 
Gated  ScR 


bl:ifi(rd.  *\ti  tiw  .^rui  of  u\q  (>o^'iUlori»*M?^ 
(lU)  ift  tnovrtl  up  (morir  tJosltivr),  the  :ip'  <V 
tn  (  atbudf!  vnha(iti>  l«  Iticrira.sed.  Tliir  oil^ 
conduction  iu  tUr  rcvorao  current  acros  ■ 
J2*  When  the  anode-to- cathode  voUai;^ 
rrachea  the  breakover  voltage  (see  cnT\ 
Junction,  J2  Koes  into  reverse  breakdowtj 
itiomentarlLy.  Thin  resulta  In  the  Injection 
of  electron  carriers  from  sc^ctlon  to  .S-.. 
These  electrons,  once  In  S2<  ^*ct  aa  mlnorlfy 
carriers  (electrons  in  P  material)  and  move 
easily  acros^j  the  Junction  One**  th^y 
arrive  m  S3,  they  again  become  majority 
carriers  and  move  easily  across  The 
result  Is  hi^lx  conduction  and  a  large  voltage 
drop  across  Thifi  immediately  reduces 
the  anode-to-cathode  voltage  and  brings  J2 
junction  out  of  reverse  breakdown.  The 
SCR  remains  in  high  conduction  because  of 
the  continued  inlectlon  of  electron  carriers 
from  Si  to  U  the  current  is  allowed 
to  drop  below  the  ''holding  current"  {see 
chart),  then  carrier  Injection  into  S2  wiU 
not  be  sufficient  to  maintain  the  level  of 
high  conduction.  Notice  that  the  anode-to- 
cathode  voltage  remains  relatively  constant 
for  large  changes  In  current.  Refer  to  figure 
33-21A  and  33-21B  to  determine  the  effect 
of  the  voltage  on  conduction  of  an  SCR. 

The  application  of  a  gate  voltage  will 
result  In  gate  current  and  the  Injection  of 
electron  carriers  from  S^  and  with  no 
anode-to*cathode  voltage  applied.  The  result 
Is  that  a  significantly  smaller  amount  of 
anode-to-catbode  voltage  is  required  to 
achieve  high  conduction  (see  chart)p  The 
gate  voltage  will  determine  the  breakover 
voltage  required  to  achieve  high  conduction. 
The  holding  current  determines  when  the 
SCR  will  drop  out  of  high  conduction* 


The  Zener  Diode 

A  zener  diode  is  a  pN  Junction  diode 
whose  doping  has  been  increased  so  that  It 
can  operate  in  the  r ''verse  breakdown, 
avalanche  current  area  of  the  characteristic 
curve  without  causing  structural  breakdown. 
While  operating  in  the  avalanche  current 
area,  the  zener  diode  will  maintain  a 
relatively    constant  voltage  across  it  for 
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STRUCTURE 
BREAKDOWN 


B 

FiRuie  33-22,  Schematic  Symbol  and  Characteristic  Curve  (or  a  Zener  Diode 


a  wide  range  of  currents.  Figure  ?3-22 
shows  the  schematic  symbol  and  the  char- 
acteristic curve  for  a  zener  diode,  By  con- 
trolling doping,  a  zener  diode  can  regulate 
voltage  rvithin  the  ran??e  of  3  to  20  volts 
and  may  be  connected  in  series  if  a  higher 
regulated  voltage  is  required^ 

Integrated  Circuits 

Intt^grated  circuits  are  divided  into  two 
categories,  HYBRID  and  MONOLITHIC.  In 


the  monolithic  integrated  circuit,  all 
elements  (resistors,  transistors,  diodes,  and 
capacitors  are  fabricated  Inseparably  within 
a  continuous  piece  of  material  called  the 
SUBSTRATE.  If  the  substrate  is  N  material, 
then  controlled  amounts  of  P  material  will 
br  doped  U  to  the  substrate  to  form  the  com" 
ponents.  Metallic  contacts  are  attached  to 
these  areas  and  leads  are  connected.  An 
entire  electronic  circuit  can  be  manufactured 
on  a  single  piece  of  substrate  40  tjy  60 
thousandths  of  an  inch  it)  size. 


Figure  33-23.  Package  Styles  tor  Integrated  Circuits 
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Mvl>*'lil  liit**(tr;ido<l  rlrt^ults  liiivotho  |>asHlv<^ 
ronipoiirntM  (r<*HljittjrH,  c;ipacltt>rH)(U;i>of*lt<Hl 
oti  ;i  f*ubfitr;it<*  tuadr  of  kI^hh,  cc!r;in»lCj  or 
somo  other  LasuL;itin^  material,  The  actlvo 
coinpoiiont.s  (tHodoH,  transistors)  ;iro  then 
attached  to  the  substrate.  Figure  33-23 
show.s  .son>e  typical  exainples  of  Integrated 
rlrcult  p;tcKane.s.  One  of  these  tiny  packajton 
n  <iv  contain  one  or  several  clrcult.s  and  often 
h,ivo  iJeveral  hundred  components* 


tntrKr;itfMl  (*lrrult:i  arr>  sunll  hi  sl7.o  a\v\ 
llj^Ut  In  wolj^ht.  They  coi)«uti)r  v**ry  llttl** 
power  and  :in'  highly  rcllal>U?.  TUitt  niakos 
then)  Ideally  suited  for  k\bv  In  alrt^^niir 
equipment,  niLsHtle  systems,  computers, 
spaceora/t,  and  ix^rtiible  eqijipnietit.  Beca^J'^c 
of  tlielr  construction  they  ar<>  uot  normally 
r**palrcd.  For  vxample,  a  iiKjuolitlilc  inte- 
grated circuit  (  annot  be  repaired  and  tin- 
entire  <!ovl(  o  is  replaced. 
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INTRODUCTION 


John  Bardeen^  William  Shocklevp  and  -Brattain  are  cretlited  with 

haviriR  developed  The  tranaiator  at  Bell  Telephone  Laboratoriei  in  June, 
1948,  Initially  the  device  war  referred  to  afl  a  TUANSFEU  RESISTOR,  hut 
soon  the  name  was  shortened  to  transistor. 

Since  its  introduction  the  **transistor **  has  been  constantly  improved 
until  for  many  uses  it  is  the  most  efficient  and  dependable  device  available 
for  its  field  of  application.  The  advantage^  are  that  they  do  not  have  fila* 
ments  which  require  heating,  require  les»  power  than  electron  tubes,  are 
rugged,  and  have  a  very  low  failure  rate. 

Transistors  and  associated  circuits  are  especially  suited  for  use  In  equip- 
ments which  must  be  miniaturized.  This  is  because  the  components  are  small 
and  lights  can  be  operated  with  light  compact  power  supplies*  and  are  rugged. 
This  last  feUture  permits  simpler,  more  compact  shock  and  vibration-isolation 
equipment  to  be  used.  Also,  since  the  components  have  a  very  low  failure  rate, 
less  storage  space  for  equipment  replacement  parts  is  required. 

Because  of  the  continuous  advance  of  solid  state  technology,  semiconductor 
devices  and  circuits  are  being  used  more  and  more,  both  in  military  and 
commercial  electronic  equipment. 
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IN8THUCTI0N3 


TU\n  student  WT>rkb*M>k  ia  a  pro(?rainmod  text.  When  u0lnff  thla  pro^Erammed  text,  you  learn 
by  actlvfily  responding  to  each  bit  of  Information  before  proceeding  to  the  next.  You  are 
allowed  to  proceed  ftt  yi>ur  own  pace.  Don't  ru»h,  but  don't  loaf.  THL3  IS  NOT  A  TEST. 

Kach  learnlnK  fltep— conalstlnff  of  the  Information,  ptue  an  Inatructlon  on  how  you  are  to 
respond  (when  needed),  and  your  r«0ponje— U  called  a  frame.  Each  frame  contalna  diagonal 
lines  ///////////////////A  Use  a  5x8  card,  or  heavy  paper  you  can't  Jee  through,  as  a 
mask-  Slide  the  mask  down  the  page  until  you  expose  the  flrst  diagonals. 

Read  the  Information  and  either: 

a.  fill  In  the  btank(s)  in  a  sentence  to  complete  It  correctly, 

b.  follow  the  Instnictlons  In  the  frame,  or 

c.  go  to  the  next  frame.  Some  frames  don't  require  a  response. 

Ailer  you  respond,  slide  the  mask  down  to  the  next  solid  line  which  runs  across  the  page. 
The  correct  response  appears  above  tbat  line.  Compare  your  response  with  the  correct  one. 
If  your  response  Is  incorrect,  reread  the  Information  to  see  why  the  correct,  printed  ^i*»ponse 
Is  really  correct.  Write  that  response  next  to  yours,  slide  the  mask  down  to  the  next  //////, 
and  start  the  next  frame. 

Get  a  mask,  slide  It  to  the  ////////////////////  below  and  try  a  pracUce  frame. 


1.  Maine,  Virginia  and  Florida  are  coastal  states.  Massachusetts  also  borders  the  Atlantic, 
so  It  Is  a  (  I 

(After  you  have  written  your  answer,  move  the  paper  to  the  solid  line  and  compare 
your  response  with  the  correct  one:) 


Since  your  learning  In  every  frame  usually  depends  on  what  you  also  learned  In  the  preceding 
frame,  DO  NOT  SKIP  ANY  FRAME. 


//////////////////// 


coastal  state 


TURN  THE  PAGE  AND  BEGIN 


I.  BASIC  ATOMIC  THEORY 


Thli  l«ison  tftach0fl  bailc  atomic  Ui«ory.  Flrnt*  you  wiU  l6arn  tibout  ih^  fltriirturo 
of  mattir.  Including  elemftnti*  compounds^  moUcuLeSp  and litomo.  Then,  the-  ntrurturf' 
cf  Ui0  atom  WILL  b*  covered* 

Quite  pomlbly*  you  may  have  already  Learned  aome  of  thla  material  In  j  prior 
courm.  If  so,  thli  part  of  the  program  Is  designed  to  lf*t  you  skip  the  V^vin  you  may 
already  know. 


STRUCTURE  OF  MATTER 

1.  Choose  the  phrase  or  phrases  In  the  second  column  that  best  describe  th(>  word  In  the  first 
column.  W  3iU  answers  are  correct,  move  on  to  frame  17^  otherwise.  prt>reed  with  framr 
2. 

L  compound  a.  smallest  unit  of  an  element 

2.  atom  b.  combination  ot  elementn 

3.  element  c.  smallest  unit  of  a  compoun'1 
4?^notecule                                             d.  made  up  of  atoms 

//////////////////// 
1.  b  2.  a  3.  d  4.  c.  U 

2^  Matter  ^s  any  substance  that  has  mass  and  occupies  space.  Since  water  has  mass  and 
occupies  space.  It  is  an  example  of  (  ). 

//////////////////// 

matter 


3.  Stone  Is  matter  because  It  has  {  )  and  occupies  (  ). 

//////////////////// 
mas  9  ^pace 

4.  Woodt  wa:ert  and  oxygen  are  examples  of  the  three  states  of  matter.  The  three  states  a^e: 
a.  (  )  b.  (  )  c.  (  ) 

//////////////////// 
a.  solid  b*  liquid  c.  gas 

All  matter  ^s  composed  of  elements.  Elements  cannot  be  reduced  Into  simpler  substances 
nor  biiilt  up  from  simpler  substances.  Oxygen  cannot  be  decomposed  or  made  from  other 
substances,  so  ^t  is  (  ). 

//////////////////// 
an  element 


1 


fi.  HY<lrc>|Con  In  ^Liio  an  olf^mi^nt.  [t  too  cannot  .... 

//////////////////// 
b<i  dGrom|H>Aocl  nor  m^do  front  other  fvubatanci?n. 
7,  Watf^r  is  m^6ft  with  oxyfcen  ajid  hydrogen.  Water  (ln/U  not)  an  element 

//////////////////// 
la  not 

a.  When   elcmenta  are  combined  to  form  another  substance^  they  produce  a  compound. 
Water  Is  (  ). 

//////////////////// 
2  compound 

0.  The  compound  water  Is  made  by  combining  oxyf^en  and  hydrogen,  which  are  (  ). 

//////////////////// 
elements 

10.  The  smallest  particle  of  a  compound  that  retains  all  the  properties  ot  the  compound  is  a 
molecule.  A  drop  of  water  contains  many  (  )  of  water. 

//////////////////// 
molecules 

1 1.  If  the  compound  carbon  dioxide  was  broken  down  to  the  smallest  particle  that  could  be 
Identified  as  carbon  dioxide,  that  particle  would  be  a  (  ). 

//////////////////// 
molecule  (of  carbon  dioxide) 

12.  When  a  molecule  of  a  compound  la  reduced  even  further^  the  compound  no  longer  exists. 
In  its  place  are  the  (  )  that  were  originally  combined  to  form  the  compound. 

//////////////////// 
elements 

13.  The  smallest  unit  of  an  element  that  can  stlU  be  identified  as  that  element  is  called  an 
atom.  Since  compounds  are  made  of  elements,  molecules  of  compounds  are  made  of 
(  )  of  eUments. 


//////////////////// 


atoms 


2 


S3 


//////////////////// 


15.  U  tho  ^tcjmH  fjf  <>xyK(*n         liy<lru(trn  :irv  C(>niblne<l,  a  (  )  of  tlio  compouml  w:Lti?r 

//////////////////// 


If),  Chooae  the  ptir^se  or  phrases  In  the  second  column  th^t  best  describe  Uie  word  In  the 
first  column. 

1.  compound  a.  smallest  unit  of  an  elemeut 

2.  atom  b.  combination  of  elements 

3.  element  c.  smallest  unit  of  a  compound 

4.  molecule  d.  tnade  up  of  atoms 

//////////////////// 
Kb  2.  a  3.  d  4.  c,  d 


ATOMIC  STRUCTURE 


n    Match  the  word  In  the  second  column  ivlth  the  appropriate  word  In  the  first  column.  11  all 
answers  are  correct,  move  on  to  frame  39;  otherwise,  proceed  with  frame  18. 


1.  electron 

2.  proton 

3.  neutron 

4.  atom 


a.  positive 

b.  neutral 

c.  nef^ative 


//////////////////// 
1.  c  2.  a  3.  b 


18,  Elections,  protoriS,  and  neutrons  are 
the  most  Important  parts  of  an  atom. 
In  the  diagram,  the  nut^leuJ,  or  center 
of  the  atom,  Is  composed  of  (  ) 
and  {  ). 


4.  b 


PROTOf^S 


//////////////////// 


NEUTRONS 


protons  neutrons 


IB,  ElectroRfi  circle  about  th«  nucloua  ot  an 
atom  In  paths  cullod  orbitfi,  tn  the  cUa- 
Kram,  label  tho  parts  which  repronont 
elf^ctrona. 


llllillllUlllllllll 


20.  Electrons  and  protons  have  opposite  electrical  charges.  Clectrona  have  a  negative 
charge.  Protons  have  a  (  )  charge, 

//////////////////// 
positive 

21.  The  charges  of  electrons        protons  are  represented  by  signs.  A  positive  (4-)  sign  is 
used  to  denote  a  proton;  an  electron  is  represented  by  a  (  )  sign. 

//////////////////// 
negative  (-^).  minus 

22.  The  electrical  charges  of  electrons  and  protons  are  EQUAL  and  OPPOSITC.  Because  of 
this,  the  negative  charge  of  an  electron  and  the  positive  charge  cA  a  proton  ( 

nnhiiiiiiiiiiiih' 

cancel  each  other. 

23.  When  the  electrical  charges  of  an  electron  and  a  proton  cancel,  the  resultant  charge  is 

//////////////////// 
neutral,  zero 

24.  A  neutron  can  be  thought  of  as  a  combination  of  a  proton  and  an  electron;  therefore,  the 
electral  charge  of  a  neutron  i^  (  ^ 

//////////////////// 


neutralt  zero 


25,   Prot(»iifi  Aiti*  ( 


//////////////////// 


r'(j.   Bf  (MU.if*  prnt4>n*i  unO  noutron»  make  up  tUo  lutcloufi  of  an  atDiii.  'hr  ovrr^iL  rtiurKt-*  of  the 

//////////////////// 


27.   Particles  with  opjx^alte  electrical  charges  attract  each  Pther.  Parti4:le3  with  the  aam^^ 
olrotrical  oharno,  thoti,  (  )  each  other. 

//////////////////// 
repel 


26.  Two  electrons  will  {  )  each  other. 

//////////////////// 
repel 


29.  A  proton  will  repel  a  (  ). 


////////////'//////// 
protor 


30.   A  proton  will  attract  ( 


iijiniiiiiiiiiiih 

an  electron 


31.  The  nucleus  has  ^  ( 


)  Charge. 

//////////////////// 
positive 


32.  The  nucleus  attracts  (  )- 


i'lllllllilllllllilll 

electrons 


hi  urhit  hy  th*>  (  J  of  tho  ( 

/////////////  ////// 

3^  NnrTTMtly.  the  number  of  electrr>n3  In  u 
jtum  Li  equal  to  the  number  of  protons 
In  the  luicleus.  In  the  diagram,  the  num- 
ber In  ihe  nucleus  represent*!  the  aum- 
twr  (jf  prc^tons.  There  should  be  (  ) 
orbital  el^'Otrons, 


////////// J//////// 
two 


36.  Since  opvioslto  charges  cancel  out,  an 
itom  that  lias  the  same  nuniljt^r  of 
p*^ototis  a  nc!  electrons  is  electrically 
neutral.  In  th*2  diagram,  the  atom  (is/is 
not)  neiitraL 


/////////:////////// 

is  not 


37.  U  an  atom  has  three  electrons  and  thr^e  protons,  It  is  electrically  (  )^ 

/J////////////////// 

neutral 

Match  the  word  In  the  second  column  with  the  appropriate  word  In  the  first  column. 

1 .  electron  a,  positive 

2.  proton  b,  neutral 

3.  neutron  c.  negative 

4.  atom  ' 

//////////////////// 

U  c  2,  a  3.  b  4,  b 
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thiT  (  )  ot  ati  ;itoiii, 

//////////////////// 
imrlrnifl,  rrtit(*r 

40.   K;i(  Ik  :Au*i\  w^n  .1  in;ixlmum  luirnhMr      {  )  that  It  cwu  hottL 

//////////////////// 
f*loctroits 

>i  Tite    maximunt  nunilwr  of   oloctrons   that  t'ach  shoU  can  hold  depends  upon  tho 

^'dlfltaico**  of  the  ahell  from  the  nucLeu5.  Referring  to  tho  table  Uatinff  tho  *'olectron 
structure  of  atnns''  (l^a^^e  11)*  what  is  the  MAXIMUM  number  nf  electrons  ttiat  can  be 
held  In  thf^  Clr?it  bheli,  which  in  the  one  that  Id  closest  to  the  nucleus? 

//////////////////// 
2 


41. b.     What  Is  the  MAXIMUM  number  of  electrons  that  can  be  contained  In  the  second  shell 
of  ap.y  atom?  In  the  third  shell?  In  the  fourth  shell? 

//////////.///////// 
6  16  32 

41. c.     Basi^'d  on  this,  a  general  rule  can  be  stated  as  follows:  The  first  shell  can  hold  up  to 
(  )  electrons;  the  second  shell  can  hold  up  to  (  )  electrons,  the  third 

shell  can  hold  up  to  (  )  electrons;  andthe  fourth  shell  can  hold  up  to  (  ) 

electrons. 

//////////////////// 

2  6  la  32 

(Althouf^h  there  are  atoms  with  up  to  7  shells,  these  atoms  are  not  important  in  the 
study  of  transistors.) 


4Kd.    Is  it  necessary  for  all  of  the  preceding  shells  to  be  filled  before  a  new  shell  can  be 
started? 

/////y ////////// //. 

No.  [in  items  having  up  to  3  shells  all  the  inner  shells  ARE  filled,  but  this  is  not 
true  ir.  iitotrts  having  more  than  3  shells.  The  reason  for  this  is  believed  to  be  that 
the  furtr-v  :hf*  distance  each  shell  is  from  the  nucleus,  the  less  influence  the  nucleus 
has  ov*  r  -    electrons  in  the  shelL) 


42.4,     hy  nttk<]ytnK        t*U)tn  rioiioly,  ^inothor  Iftit^orUnt  rnto  for  tlu^  nnnihor  of  etoctronii  in 
twrh  Hhtyii  rail        tJf^rivi^fL   What  in  tho  m;Dtiinuin  number  <jf  «^tiM:trona  thA\  i  *m 
<  nnUln(  a  hi  A  u\u  U  If  THAT  SHKt.L  KS  THK  OUTKitMOSV  sni;LL? 

//////////////////// 
8 


42. h.     Stndylntc  th**  t.ihio  a^^aln,  what  la  thr  maximum  numbor  of  (^Loctroiiii  t\vAt  <an  bo  con. 
Uin<Ml  IN   lUK  Ni:XT  TO  THE  OUTERMOST  ariilLL? 

//////////////////// 
L8 


42. Thus,  as  anuth**r  goneral  ruin,  it  can  be  atatod  that:  The  OUTERMOST  shell  of  an 
atom  oan  hold  no  moro  than  (  )  olectrons  and  the  next  to  the  outermost  sJioU 

can  hold  no  mon}  U\:in  (  )  cle<  Lrons, 

//////////////////// 

8  la 


43. a. 


In  your  own  words,  state  the  rule  defining  the  MAXIMUM  number  of  electrons  that 
ran  be  contained  in  each  shell  (up  to  4  shells),  and  give  the  EXCEPTIONS  to  the  rule. 

//////////////////// 

The  first  shell  can  hold  up  to2 electrons,  the  second  shell  can  hold  up  to  8  electrons. 
*'\e  third  shell  can  hold  up  to  18  electrons,  and  the  fourth  shell  can  hold  up  to  3C 
electrons.  But,  whenever  a  shell  Is  the  OUTERMOST  shell,  it  can  only  hold  up  to  8 
electrons  and  whenever  a  shell  is  the  NEXT  TO  THE  OUTERMOST  shell.  It  can 
only  hold  up  to  IS  electrons,  (This  will  become  apparent  by  studying  the  table,) 


43, b.    li  the  atom  had  four  shells,  the  third  shell  could  hold  (  )  electrons, 

////////////// w../. 
18 


43. c.    In  .in  atom  with  only  four  shells,  the  fourth  shell  could  hold  up  to  \  )  electrons. 

//////////////////// 
8 


43. d,    [n  an  atom  ivlth  five  shells,  the  fourth  shell  could  hold  (  )  elecuons. 

//////////////////// 

Id 


d 


w 


4:i.o.     In       atom  with  mIx  h1)«*LLi4,  lb«T  fourth  nhf^U  could  liolct  ( 
third  MholL  (  )  oLf^rtroitn. 

//////////////////// 
32  Itt 


)  f^Lf^etronfif  and  the 


4;l  r.     lit      ut'im  with  s^ven  iihoUs.  tbci  thirduiuj  foarth  fjLtrlU  coulil  still  only  hold  (  ) 
and  (  )  elf^ctroitfi*  rfispectivoly, 

//////////////////// 
16  32 


44.  Although  there  are  some  atoms  with  up 
to  7  shells*  this  transistor  cours**  ^nlv 
covers  materials  whose  atoms  have  up 
to  4  iihetls.  such  an  atom  could  have  at 
the  most  36  electrons.  List  the  correct 
number  of  electrons  per  shell  for  the 
atom  In  the  diagram. 


a,  { 

b,  ( 

c,  { 
^  ( 


) 


—SHELLS 


a.  2 


//////////////////// 
t}.  8  c.  18 


d.  8 


45.  £ach  shell  must  be  filled  to  capacity  before  the  ne^ct  shell  can  contain  any  electrons,  if 
the  first  shell  Is  incomplete,  there  (might/cannot)  be  electrons  in  the  second  shell. 

/////////.////////// 
cannot 

46.  When  an  atom  has  36  electrons,  how  many  protons  must  it  cont^n  for  the  atom  to  be 
neutral? 

//////////////////// 
36 

47.  If  an  atom  was  electrically  neutral  and  had  18  protons  in  its  nucleus,  how  many  electrons 
wouM  It  have  in  Its  first,  second,  and  third  shells? 

//////////////////// 
nr:^t  shell:  2  second  shell:  8  third  shell:  8 


ERLC 


9V 


SUMMAItY 


and  occiipU'tt 

2.  Matier  CKldtzi  in  iUrexy  «tatf'«:  m>llt!, 
liquid,  and  tcau. 

3.  Elements  c;«iinot  be  derompoaed  inut 
simpler  dubst^rf^fi  nor  buiUup  from  simpler 
substances. 

4.  Compounds  cont^n  two  or  more  dlf- 
ferent  elements  tn  chemical  combination. 

5.  A  molecule  is  the  smallest  particle  of 
a  compound  that  retains  all  the  properties 
of  the  compound, 

8.  Vn  atom  Is  the  smallest  part  of  an 
element  that  can  still  be  identlllerl  as  that 
element. 

7.  An  atom  Is  composed  primarily  of  elec- 
trons, protons,  and  neutrons. 

8.  At  the  center  of  an  atom  Is  the  nucleus, 
which  contains  protons  and  neutrons. 

Electrons  circle  about  the  nucleus  In 
paths  called  orbits. 

10.  Elecir^^tid  tiave   a  negative  electrical 

charge. 

11 .  Protons  h.ive  a  positive  electrical 
charge, 

iZ.  Neutrons  are  electrically  neutrai. 

13.  The  nucleus  of  an  atom  has  a  positive 
electrical  charge. 


attract. 

ir>.  Electrons  tend  to  brt?;ik  away  from  utDtii.s 
because  of  their  orhltnl  .s))<'<>d. 

IG.  Electrons  are  kopt  in  orbit  by  the  attr:n*- 
tlon  of  the  nucleus. 

17-  Normally,  the  number  of  el(?i'trons  In  an 
atom  Is  equal  to  the  number  of  protonsin  the 
nucleus. 

18.  An  atom  with  the  same  number  of 
protons  and  electrons  Is  electrically  neutrai. 
IX  It  has  more  electrons  than  protons*  the 
atom  has  a  negative  charge.  IX  there  are 
more  protons  than  electrons,  the  atom  has  a 
positive  charge. 

19.  The  orbits  of  electrons  may  be  thought 
of  as  being  arranged  In  concentric  shelli^ 
around  the  nucleus  of  an  ^tom. 

20.  No  atom  has  more  than  seven  shells. 

21.  There  is  a  maximum  number  of 
electrons  for  each  shell. 

22.  The  first  shell  can  hold  up  to  2  elec- 
tronsr  the  second*  8,  the  third,  18;  the 
fourth*  32. 

23.  However,  the  outermost  sheU.  regard- 
less of  whether  it  is  the  third,  fourth,  etc 
can  hold  no  more  than  8  electrons. 

24.  The  shell  ne^ct  to  the  outermost  shell 
can  only  hold  up  to  18  electrons. 
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ir.  BASIC  ELECTRON  THEORY 


III  thi»  flrat  l«flfl*)n,  you  loarnod  that  atom,-*  aro  made  Up  uf  ebjotrnnii,  protfin^,  and 
iiontronn  and  that  ctoctronn  aro  In  moUun  and  tend  to  bre;ik  away  from  the  atomft. 
Thlfl  hiflflon  will  teach  you  about  enorny  lev#^U  ot  electrons  accurtUng  to  (^uaiituni 
Uio*)ry,  ;4nd  how  fW^^MrixtiN  <*aii  be  moved.  Then  yo\i  will  lo.iru  what  valence  electrons 
are  and  how  iUey  uri  lu  electrical  conductors.  Insulators,  and  semiconductors. 


QUANTUM  THEORY 

1.  The  quantum  theory  atatos  that  an  'Electron  can  be  moved  out  of  its  shell  if  enough  enerKy 
(In  the  form  of  Lmht,  heat,  magnetic  fields,  etc.)  is  applied  to  or  lost  by  tile  electron. 
That  electron  can  nove  to  a  (  )  that  Is  "^Losor  to  or  further  from  the  nucleus. 

///////////////,//// 
shell 

2.  if   the   electron   loses  e..  >ugh  energy,  It  will  mo  re  to  a  lower  shell,  if  it  gains  eno^Rh 
energy,  It  wUl  move  to  a  (  ). 

/////////////////'// 
higher  she  .1 


3.  What  would  have  to  be  done  to  the  elec- 
tron shown  In  the  diagram  to  move  It  to 
the  shell  Indicated? 


//////////////////// 
Add  enough  energy  to  It. 


4.  What  would  have  to  t>e  done  to  the  elec-* 
tron  shown  In  this  diagram  to  move  it  to 
the  flheU  indicated? 


//////////////////// 
Take  enough.energy  away  from  it. 

12 
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5.    To  m«>v«  A%\  oloctron  to  :i  tilghor  ahoU,  Lts  onertcy  lovcl  munt  h«f  (liicrcantj^VctocroaBoii^; 
to  movf»  It  to  a  lowor  iih^lL  ItB  onorf^y  lovel  muMt  bo  {inrrf^:iso(V/Oocrf«:iiir'ii). 

//////////////////// 


6*  The  unltn  of  fln«rgy  €(intaln«il  by  an  electron  are  callrrl  iju^nta.  If  wo  add  tw*  quanta  of 
onerjfy  to  an  electron*  It  might  move  to  a  (  ), 

//////////////////// 
higher  ahelt 

7.  A  certain  amount  of  energy  must  be  added  to  or  taken  from  an  electron's  energy  Level 
for  that  electron  to  move  out  of  ita  ahelL  If  the  energy  level  does  not  change  enough* 
the  electron  wlU  (  )- 

//////////////////// 
stay  in  its  shell 


S.  Aasume  3  quanta  muat  be  ADDED  to  the 
electron  ahown  In  the  diagram  to  move 
it  to  the  ne3Ct  shell.  Indicate  the  new 
position  of  the  electron  If  2  quanta  are 
imparted  to  It. 


//////////////////// 


NO  CHANGE 
\S  POSitiON 


9*a.      U.  more  than  enough   energy  la   added,  the  extra  energy  will  have  no  further  effect 
uniesa  it  Is  enough  to  move  the  electron  to  a  higher  shelL 

If  3  quanta  had  to  be  ^ded  to  an  electron  to  move  it  to  the  ne^ct  higher  shell,  and  ^ 
quanta  were  added  to  it,  would  the  electron  move  to  the  higher  shell? 


//////////////////// 


Yes 


13 


CM 


//////////////////// 


//////////////////// 


noiin 


10. 


Assume  thut  ui  electron  in  the  first 
»hell  u(  an  atom  has  a  particuUr 
energy  level.  Assume  further  that 
2  qukinta  must  be  ADDKD  to  the 
electron  to  move  It  from  the  FIRST 
to  the  SECOND  shelL  and  that  4 
quanta  must  be  ADDED  to  move  it 
from  the  FIRST  to  the  THIRD  shell. 
Indicate  the  new  position  of  the  elec- 
tron if  3  quanta  are  added  to  it. 


//////////////////// 


10, b.    ^What  if  the  electron  were  in  the  third  shell  and  4  quanta  were  taken  away  from  it? 

//////////////////// 
The  electron  would  move  to  the  first  shelL 

IL  Since  energy  must  be  added  to  an  electron  to  move  it  to  a  higher  shell,  the  electrons  in 
the  higher  shells  have  (higher/ lower)  energy  levels  than  those  inlthe  Irwer  shells. 


J  //////////////////// 
higher 


I 


12.  Which  shell  has  the  highest  ensrgy  level? 

>/////////////////// 

The  outermost  or  highest  shell. 


14 


95 


-Rir 


VALKNCt:  ELECTHONa 


13.  Thi)  outfinnoiit  BUmii  of  an  atom  im  called  th«  violence  Mh^iL  Kir*  troim  in  thin  nhMi  »rfi 
knowii  M  valence  elflctrontt.  Slnc«  they  s^Ttt  in  the  tmtermoflt  nhell,  valeiu  r  nU*  troitu 
tuve  Uie  (  )  eneri^  leveU^ 

//////////////////// 
hltthent 


14*  If  enou([lt  encrKy  ia  adUad  to  a  valence  electron.  It  will  move  out  of  VAr  val<>;u  shrlL 
Since  there*  [3  no  nejtt  hl^cher  ahell,  this  freed  vjilence  o le c  t r  u ti  will  move  oxjt  bf  ihm 
( 

//////////////////// 
atom 


The  tendency  of  atoms  to  give  up  their  valence  electrons  depends  upon  a  chanctc/r- 
latic  called  "chemical  atablllty/'  An  atom  1b  aald  to  be  stable  If  Ita  valence  aheU 
la  full;  that  la,  when  the  valence  ahell  containa  eight  valence  electrana.  When  th^ 
valence  ahell  of  an  atom  Is  more  than  half  full,  the  atom  tends  to  take  on  electrons  to 
complete  Us  valence  sh«ll.  When  an  atom's  valence  ahell  Is  less  that  half  fuM,  the 
atom  tends  to  give  up  electrons. 


15.  The  lesa  valence  electrons  there  are  in  the  valence  sbelL  tlie  raaier  It  ia  ^o  fr^e  them. 
Which  atoms  would  more  readily  give  up  their  valence  electrons:  atoms  with  one  valence 
electron  or  atoms  with  five  valence  electrons? 

//////////////////// 
Atoms  with  one  valence  electron. 

16*  .  *  electrona  that  are  freed  are  called  free  electrons.  When  free  electrons  leave 
atc^  they  can  take  part  in  the  flow  of  electric  current*  Therefore,  the  fewer  the  valence 
electrons  In  a  material,  the  easier  It  is  for  the  material  to  conduct  ( 

iiiiiiininiiiiiin 

electric  current 

17,  Since  the  outermost  shell  can  only  have  up  to  6  electrons,  an  atom  that  has  8  valenc^e 
electrons  is  considered  stable.  This  means  that  its  valence  electrons  are  difficult  to 

(  )^ 

//////////////////// 


free 


IS*A*    Chooae  the  ^Ltom  which  would  more  easily  release  it«j  vuleaee  electroii^j. 


//////////////////// 


18*b.    Which  atom  would  not  easily  give  up  electrons? 

//////////////////// 
1 


19.  Electric  current  Is  composed  of  free  elt^ctrons  that  were  removed  from  the  ( 
shell. 


//////////////////// 
valence 


CONDUCTORS,  INSULATORS  AND  SEMICONDUCTORS 

20.a.    Materials  that  easily  conduct  electric  current  are  called  conductors.  Conductors 
have  many  (  )  electrons. 

//////////////////// 
free 

20.  b.    The  valence  shells  In  the  atomfi  o£  conductors  have  only  a  few  (  )  electrons. 

//////////////////// 
valence 

21.  Most  metals  have  a  large  number  of  free  electronst  which  makes  them  good  (  ). 

//////////////////// 
conductors 
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22, A  muterluL  th^t  cunnot  conduct  elvctrlc  current  is  culled  w  Inaulutor,  An  Insulator 
few  or  no  (  )* 


IIIIIIIIIIIIIIIJIIII 
freo  eltJctrons 


22,  b.    The  valence  shells  In  the  atoms  of  Insulators  have  many  (  ). 

iiiiiiiiiiiiiiiiiiii 

valence  electrons 

23,  Glass,  rubber,  and  mica  have  very  few  free  electrons,  and  so  are  good  (  ), 

//////////////////// 
Insulators 

24,  a.    Some  materials  can  provide  enough  free  electrons  to  conduct  current,  but  not  enough 

to  be  called  good  conductors.  These  materials  are  known  semleonduetors.  Which 
of  the  following  conduets  more  current? 

1 .  conduetors  2.  semiconductors 

//////////////////// 

L  conductors 

24.  b.     Which  of  these  conducts  more  current? 

L  Insulators  2.  semiconductors 

//////////////////// 
2.  semiconductors 

25.  a.    The  manner  In  which  materials  conduct  eleetrlc  current  can  also  be  described  In 

terms  of  resistance. 

Conductors  offer  a  (hlgVlow)  resistance  to  current  flow, 

//////////////////// 
low 

25. b.    Insulators  offer  a  (hlgVlow)  resistance  to  current  flow. 

IIIIIIIIIIIIIIIIIIII 

high 


17 


S5>t:.     S4Mulconductortt  Uavh  (luora/XtitiB)  ri^^iLstiiiice  than  conductors,  but  (inore/leas)  ttiaii 
ItiHultUurd. 

//////////////////// 
more  less 


25. MetalH  uff<}r  a  (  )  to  current  flow. 

//////////////////// 
low  resistance 


2ru  In   contraat   to   low- resistance   materials^    high-resistance  materials  have  very  few 
(  ).  But  the  Outermost  shells  of  their  atoms  have  many  ( 

//////////////////// 
free  electrons  valence  electrons 

27,  Semiconductors  are  neither  good  (  )  nor  good  (  ). 

//////////////////// 
conductors  insulators 

28,  Very  Little  energy  has  to  be  applied  to  a  conductor  to  free  tts  valence  electrons 
cause  the  flow  of  ( 

/'/////////////////// 
Current 

29,  A  great  deal  of  energy  is  needed  to  cause  current  flow  in  (  ), 

//////////////////// 
insulators 

30,  Semiconductors  require  more  energy  for  current  flow  than  (  ),  but  leas  than 

( 

//////////////////// 
conductors  insulators 


Id 
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3L  The  amount  of  energy  needed  to  cause 
current  flow  In  any  material  can  be 
repreBonted  by  an enerijfy^band  diagram. 
The  conduction  band  represents  the 
level  of  energy  that  must  be  reached  by 
an  electron  for  It  to  be  freed.  There- 
fore* it  represents  the  energy  level  ^t 
which  (  )  wUl  flow. 


CONDUCTION  BAND 


fOPBlDDEN  BiiNO 


VALENCE  OiiNO 


lomvew  energy  bangs 

UhESE  lower  BA^iDS  AHE  OF 
NO  INTEREST  iN  THL  jfUOY 

OF  rPANSisropS) 


//////////////////// 


current 


32,  The  valence  band  In  the  diagram  corresponds  to  an  atom's  highest  (  )  leveL 

//////////////////// 

energy 

33.  The  forbidden  band  represents  the  amount  of  energy  that  must  be  added  to  an  electron's 
energy  level  to  reach  the  conduction  band.  The  wider  the  forbidden  bandr  the  (  ) 
the  energy  required. 


//////////////////// 

greater,  more 


34,  If  energy    ig  added  to  the  valence  electrons*  but  the  total  energy  still  does  not  reach  the 
conduction  band,  there  will  be  no  (  ), 


//////////////////// 
current  flow 


35,  The  width  of  the  forbidden  band  determines  how  easily  a  substance  will  conduct.  The 
wider  the  forbidden  band,  the  (  )  easily  a  substance  conducts. 


//////////////////// 

less 


36,  The  wider  the  forbidden  band^  the  greater  the  energy  that  must  be  added  U*  the  (  ) 
electrons  for  conduction  to  take  place. 

//////////////////// 

valence 


Id 


37,   All  lt»y*il;itnr  wooUl  huvc?  i\  v<*ry  wUU?  (  )  baiid. 

//////////////////// 
forhUUk^n 


Tlio  forbUUloii  b;iacl  of  flemlconduntors  is  nirro\ver  than  that  of  ( 
Ulan  that  of  t 

/////'////////f ////// 
Insulators  conductors 


),  but  wider 


39,  In  a  ri>ncl«ctur,  the  valence  and  conduction  bands  overlap  so  that  no  (  )  band 
exl^itw, 

//////////////////// 
forbidden 

40,  The  forbidden  band  of  a  semiconductor  represents  less  required  energy  than  the  forbids 
d€n  band  of  (  ), 

//////////////////// 
an  insulator 

41,  The  ^'orifhictlon  band  of  ^  conductor  represents  a  sli(fht  increase  of  energy  above  the 
{  )  band, 

///7////////////7/// 
valence 


42,  Match  the  energy  level  diagrams  wltti  ttie  appropriate  substances, 

1 


a,  conductor 


CCNC'JCTION  BJiNO 


FORQiODEN  BilNO 


vALENCt  Band 


coN0UTi:t^8iLNr 


VALENCE  SanO 


1,  b. 


b.  Insulator 

nuiinnniinnu 

2,  c.  3.  a. 


c.  semiconductor 
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43.  The  mergy  noetlctl  by  an  oLoctrou  to  cross  the  forbidden  band  is  expressed  in  eioctron 
voLtfl.  Thort^foro.  the  width  of  tho  forbidden  band  can  bo  tneaaurod  in  (  ). 


//////////////////// 
electron  volts 


An  electron  volt  is  a  unit  of  ENERGY.  One  electron  volt  is  the  ENERGY  acquired  by 
an  eiectron  after  it  has  been  accelerated  through  a  potential  of  1  volt.  Do  not  confuse 
an  electron  volt  with  a  volt,  which  is  a  unit  of  electromotive  force  (EMF). 


44.  If,  to  go  from  the  valence  to  the  cor'jtictlon  band,  an  electron  must  acquire  3  electron 
volts  of  energy,  then  the  width  of  the  forbidden  band  is  (  ). 

//////////////////// 
3  electron  volts 

45.  In  insulators,  at  least  4  ev  (electron  volts)  have  to  be  imparted  to  an  electron  to  move  It 
from  the  valence  band  to  the  conduction  band.  Therefore,  the  width  of  the  forbidden  band 
in  insulators  is  (  )  ev  or  more. 

//////////////////// 


46.  For  semiconductors,  from  0.7  ev  to  1.1  ev  must  be  imparted  to  an  electron  to  move  it 
from  the  valence  to  the  conduction  band.  This  means  that  the  width  of  the  forbidden 
hand  in  semiconductors  is  at  least  (  ). 


//////////////////// 


0.7  ev 


47.  For  conductors,  as  Uttle  as  0.01  ev  Is  needed  to  move  an  electron  Into  the  (  ). 
band. 


//////////////////// 
conduction 


46.  If  the   width  ot  the  forbidden  band  of  a  substance  Is  between  0.7  ev  and  1.1  ev,  that 
substance  Is  (  ). 


//////////////////// 
a  semiconductor 
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aUMMAUY 


1.  Aji  elortrou  oaji  he  niovt^tl  to  a  IUKl**^*r 
shull  if  u[ioukIi  onor^y  is  ai)|>Ue<1  to  tt. 

2.  An  <iN?ctron  can  be  movfMl  to  lowor 
shell  If  enough  energy  Is  lost  by  it, 

3.  The  units  of  energy  contained  by  ^n  elec- 
tron are  called  quanta. 


Semiconductors  rfjtiulre  more  cuerKV  for 
current  flow  than  conductcirfi,  but  Icsii  ttian 
insulators. 

Ift.  The  :Lniount  of  energy  needed  to  cause 
current  How  in  any  material  can  be  repre* 
sentecJ  by  an  energy-level  diagram. 


4.  In  the  higher  shells,  the  electrons  have 
higher  energy  levels. 

5.  Valence  electrons  arc  in  the  outermoat, 
or  valence,  shell  of  an  atom* 

6.  Valence  electrons  have  the  highest 
energy  levels. 

7.  If  enough  energy  is  applied  to  a  valence 
electron,  It  can  be  freed  from  the  atom. 

The  fewer  the  valence  electrons  in  the 
valence  shell,  the  easier  it  is  to  free  them* 

9,  Free  electrons  are  those  which  have 
been  removed  from  the  valence  shelL 

10.  Free  electrons  take  part  in  electric 
current  flow. 

lU  Conductors  have  a  large  number  of  free 
electrons. 

12.  Most  metals  are  good  conductors. 

13*  Insulators  have  very  few  free  electrons. 

14.  Glass,  rubber,  and  mica  are  good  insu- 
lators. 

15.  Semiconductors  are  neither  good  con- 
ductors nor  good  insulators. 


CONDUCT lOiM  ^ftNO 


FORBIDDEN  BAND 


VALENCE  BftNO 


iNSULftTOH 


coNDucrjON  Band 


F0R8lCT3eN  SAND 


SEMICONDUCTOR 


CONDUCTION  Band 


VALENCe  SAND 


CONDUCTOR 


16.  Very  little  energy  is  needed  to  cause 
current  flow  in  conductors. 

17.  A  great  deal  of  energy  is  needed  to 
cause  current  flow  in  Insulators. 


20.  The  wider  the  forbidden  band,  the 
greater  the  energy  that  must  be  imparted 
to  an  electron  in  the  valence  bajid  to  raise 
Its  energy  level  up  to  the  conduction  bajid. 
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2L  Insulators  hav«  n  vsry  wide  forbidden 
hand. 

22*  3fl  mi  conductor  ft  have  narrower  forbidden 
bamdB  than  LnsuLator's. 

23.  Conductora  have  no  forbidden  band, 

24<  Electron  energy  ia  ©xpresfled  In  elec- 
tron voltB, 


25,  The  width  of  the  forbidden  band  can  bo 
moajiured  In  electron  volts. 

26,  The  width  of  the  forbidden  band  In  Insu- 
lators Is  4  or  more  electron  volta* 

27,  The  width  of  the  forbidden  band  In 
semiconductors  la  0,7  to  1*1  electron  volts, 

28,  Conductors  need  as  little  as  0.01  elec-^ 
tron  volts  to  raise  the  energy  level  of  a 
valence  electron  Into  the  conduction  band. 
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ML  SEMICONDUCTOR  THEORY 


111  lUr  pvvvUmH  li^Htitm,  yt)u  U'i\i*nvt\  how  i?N»rho(uH  uvr  triced  to  pr(Hl4UM'  <'urrrnl 
now,  mm\  liow  .Hotnr  iii;it4'rl;itN  cni\  ooiuSurt  (Ujrn>tit  mon*  u;ifiUy  thnn  otln*rR.  You 

lo.H.Hoti  will  r(>v**r  Mw  .HtrnrdiVi^  of  .HfMnl<Mni<ki*!tnr  tn;it*»rl;il,s  aiul  will  tu;u:h  you  ndjiu* 
fiuM.H  AlhiUt  .Hrrul*:i>rul*t**tor  vtt;ir;iotert«tti:.s .  Thru  ymi  will  tuarti  ;il^)Ut  how  cert^ihi 
ltui>iir|tU*H  r;m  br  to  s<*iiilc( JinUictor  ni;itr'ri;iLH  mo  th:\t  they  *:;ui  romltjct  currc^nt 


illlMlCONDUCTOK  CHAUACTKHlilTlCS 

I  The  ;ttor7:s  hi  :\  .H^>niir*<jnciuctor  niriterlal  iirr  :\rr:inp;i*(l  In  a  CRYSTAL  LATTICE  structure. 
This  Htntcture  is  rnaint^iinect  by  ;i  rondltinri  r:illccl  COVALKNT  BONTJING;  oovalent 
l>)iuihivc    is    blOtl^:ht    ;it)out    by    tho  shiirin^  of  v;ilencf»  ch^otrorj.s  b*  twf?en  two  *)r  more 


atoms 


2,     Germanium  and  silicon  are  the  most  commonly  used  semiconductors  In  electronics. 
Their  atoms  are  arranged  in  a  {  )  structure. 


crystal  lattice 


24 


1.    The   valence  electronfl       adjacent  K^rmanlunt  and  filllcon  flemlconductor  atoms  are 
fiharflU  to  form  a  common  bond>  Thle  is  knows  aji  {  )  bonding* 


//////////////////// 


covalent 


COVALENT 
BONOS 


valence  electrons 


5,    This  covalent  bonding  or  sharing  process  effectively  gives  each  atom  a  total  o£  eight 
electrons  In  Its  (  )  shell. 


//////////////////// 


valence^  outerniost 


6,    In  each  atom,  four       the  shared  electronjs  are  Its  own  and  four  are  borrowed  from 
adjacent  (  ), 


////////./V///////// 


atoms 


7,    Since  covalent  bonding  results  in  each  atom  seeing  eight  electrons  In  Its  valence  shells 
a  semiconductor  crystal  Is  (stabla/u.tstable}. 


//////////////////// 


stable 


3-    Because  electron  sharing  forms  stable  valence  rings,  pure  germanium  and  pure  silicon 
might  seem  to  be  fairly  good  (conductors/inmilators). 


insulators 


?5 


iOf7 


10    With  Uj*M^tTi;il  <Mirr^^y  htij>;irM^I  to  th<Mn,  (>h^*trnn«  can  mnvf*  frtim  tlip  valenco  hanfl  Into 
th(^  (  )  \y,\i\d. 

ronducUon 


I  \    Wlit*ii  .Ml  <^h>ctn)ti  ha8  mavftl  Into  tht?  conduction  band.  U  can  take  part  In  (  )  flow. 


^7 


currf*nt 


\2.    Ff)r  ;in  electron  to  t;Ucf?  part  In  curr*'nt  flow,  it  must  iir^t  br€*ak  the  ( 
leave  the  (  )  band. 

/  "'^^/// //  \  ' 
covalent  valence 


13.  The  vacancy  in  ttie  crystal  lattice  struc- 
ture, wtilch  is  created  by  an  electi*on 
leaving  a  covalent  bond,  is  called  a 
"tiole  ■'  Therefore,  the  loss  of  an 
electron  by  an  atom  creates  a  (  ). 


)  bond  and 


HOLE  LEFT  BY 
AN  ELECTRON 


hole 


14     The  hole  in  a  covalent  bond  wiu  be 
eliminated  if  U  is  filled  with  an  (  ) 


I  ] 


HOLE  ■  t  LtC- 


'  f  I  f  f  f  f  *  '  I  I    /  /  / 


electron 
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15     Tho  *?li><itron  that  filled  th<3  hole  In  tho 

0<»v4b)tit  txnid  toft  a  Uol«  Ln  aiu>thr>r 

oval  (Hit   tx>nd.    Therefore,  lx)th  tho 

(             )  and  thfl  (  )  moved. 


FIRST  HOI  f.  NOW  QEiNG 
FILLED  fJY  ELECTRON 
FROM  LOWER  BONO 


HOLE  LEFT  BY  ELECTRON 
tN  MOVING  IN  DIRECTION 
OF  ARROW 


electron  hole 


16.   At  normal  temperatures,  thermal  agitation  causes  electrons  to  leave  Uwslr  covaletit 
bonds  In  a  random  manner.  Therefore,  holec  are  also  produced  In  a  (  )  way. 


///////////////^//// 
random 


17.  The  electrons  that  are  released  at  random,  because  of  thermal  agitation,  may  drill  from 
covalent  bond  to  covalent  bond.  Holes  also  (  )  at  random. 


////////////■/////  'f^ 
drift 


'8.  Semiconductors  have  electrons  and  holes  that  (  )  about  at  ( 

drift,  move  random 


19.a.  However,  under  ttie  effects  of  an  elec- 
trical field,  such  as  the  field  produced 
by  a  battery,  ttie  free  electrons  and 
thp  holes  win  no  longer  drift  In  a  ran* 
dom  manner. 


TfiEE  ELECTftOM 


^.VALENCE 
ELECTRONS 


(t)--a)--(t)-'-tD-' 


'"SEE  ELECTRO^S 


(Continuea  on  next  page) 
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AirHUiiu*  thiit  ii  vjilrruM*  f  ti  f^ii  fi  oni  ;itom  1  ;MMiuin?3  fliifflcieiit  enrrKy  (thornuilly. 
or  hi  fiotiK?  otti(*r  w;iy)  to  leav**  the  viilcnuN*  hiiuii  iirul  move  into  llie  emulnctlon  b;iiul 
XUifi  FltKK  oloctron,  utu\t*V  thf^  InfluetTCo  of  thf*  electric  field  wlU  nK>v<Mf>wjir(l3  tin* 
poaltlvt^  biittory  tcrmltjul.  When  a  free  elet?tron  ie;ive;j  the  I^^J^iltlvc?  <jlclc  of  the  Ht^nl- 
rondnctor  materliU  and  entrr«  the  external  circuit,  another  fr(M;  <?U!CUnn  trtiters  th*- 
tit'^jtlVL*  .Hide  r)f  the  in:it<»i  Lil  from  thf*  <»xtrriiiU  cUrult 


Notice  that  a  vaeancy  (hole)  haa  bf»on  left 
In  th(?  valence  band  of  atom  1  because  one  of 
Ita  viUence  electrons  moved  Into  the  conduct- 
tion  band.  Under  the  InHuenCt?  of  the  external 
field,  a  VALENCE  electron  from  atom  2  may 
acquire  enough  enerjfy  to  leave  atom  2  and 
fill  the  hole  In  the  valence  blind  of  atom  L 


Similarly,  a  valence  electron  from  atom  3 
may  fill  the  hole  in  the  valence  band  of  atom 
2,  and  a  valence  electron  from  atom  4  may 
fUl  the  hole  in  the  vaience  band  of  atom  3. 


The  vacancy,  or  hole  in  the  vaience  band  of 
atom  4  may  then  be  filled  by  a  FREE  electron 
from  the  externai  circuit. 


fPSi  ELECTRONS 


-"Ml 


FREE  ELECTRONS 


@--f3)-  -(l)--(T)- 


h 


'(^-®--(t)--®--0-  f" 


FRF£  ELECTRONS 


This  discussion  described  the  action  of  a  single  electron  and  hole  under  the  influence 
of  an  external  field,  an  actual  semiconductor  crystal,  many  free  electrons  and 
holes  would  be  present  to  support  current  flow. 

In  a  semiconductor  crystal,  conduction  !s  by  {  )  electrons  and  {  ) 

electrons, 

/////////  VV///V// 
free  valence 

19.b.    The  movement  of  FREE  electrons  in  a  semiconductor  is  Identical  to  the  movement  of 
free  electrons  In  a  metallic  conductor  such  as  copper.  (True/False) 

////////////  7///  V/ 
 True  ^  ^_  

28 
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r     WImi)  ;\  v;lLpium?  t;h^ntrf)n  iK^iulrofi  oru^uK^i  tmorf^y  to  Loave  tho  valence  baiid  »nd  ont(*r 


///////////////■' ^//' 
hole 


I9.d.  TUe  absotico  of  an  electron  from  a  normal  covalcnt  bond  ropr©a©nt3  a  localized 
positive  chart^e.  Therefore  a  hole  may  be  considered  as  a  partlnle  similar  to  an  elec- 
tron but  having;  a  {  )  charf^e, 

//////////////////// 
positive 

19.e.  Furthermoret  the  hole  can  be  THOUGHT  OF  as  a  particle  that  moves  much  like  an 
electron  under  the  InDuence  of  an  eleetrlc  fields  BUT  IN  THE  OPPOSITE  DIRECTION 
to  that  of  an  electron.  However,  It  Is  very  Important  to  remember  that  a  hole  Is  simply 
a  CONVENIENT  c'evlce  for  describing.  ,  .  , 

//////////////////// 
the  MOVEMENT  OF  VALENCE  ELECTRONS  from  covalent  bond  to  covalent  bond. 


19.  f.  U  the  polarity  of  an  electric  field  Is 
such  that  free  electrons  are  moving 
In  the  direction  of  the  arro^.  Indicate 
by  arrows  the  direction  of  hole  current 
flow  and  valence  electron  flow. 

VALENCE  ELECTRONS 


////V////////////// 
FREE  ELECTRONS 


HOLES 


VfiLENCE  ELECTRONS. 


19. Since  electrons  are  negative  current  carriers,  holes  may  be  considered  (  ) 
current  carriers. 

//////////////////V 
positive 

29 


FREE  ELECTRONS 


HaES 


DOPING 


20.   Pure  Korrnanlum  and  silicon  materials  have  only  a  U*w  current  carriers,  bq  that  thoy  can 
provide  only  a  small  amount  of  (  )  flow. 

////// V//////V//// 

current 


21.  Tn  order  to  he  more  usefUl  In  electronic  circuits*  the  current  carriers  In  semiconductors 
must  be  (increa^ed/dec  reaped). 

/////////// y////v// 

Increased 

22.  Current  carriers  In  semiconductors  can  be  Increased  by  the  addition  of  certain  Impuri- 
ties. Germanium  and  silicon  have  Impurities  added  to  them  so  that  the  number  of  free 
electrons  or  (  )  Is  Increased. 

//////////////////// 

holes 

23.  Germanium  and  silicon  atoms  have  (  )  valence  electrons. 

//////////////////// 
four 

24.  Each  germanium  or  silicon  atom  shares 
Us  valence  electrons  with  (  ) 
other  atoms. 

COVALENT 
BONDS 


//////////////////// 
four 


25.  This  sharing  effectively  gives  each  atom  (  )  valence  electrons. 

//////////////////// 
eight 


30 


ill 


20.  KacK  atom  with  eight  valetice  el4)ctron^  tends  to  hi*  ( 

//////////////////// 
stable 


21,  If  any  of  thn  atonifi  which  arc  sharing  valenco  electrons  have  less  than  ol^ht  valence 
electrons,  the  CRYSTAL  LATTICE  STRUCTURE  will  have  (a  deflclency/an  excess)  of 
electrons, 

//////////////////// 
a  deficiency 

28.  If  any  of  the  atoms  have  more  than  eight  valence  electrons,  the  CRYSTAL  LATTICE 
STRUCTURE  will  have  (a  deflclency/an  excess)  of  electrons. 

//////////////////// 


an  excess 


29,  If  a  pentavalent  Impurity  such  as  arsenic^  whose  atoms  have  five  valence  electrons.  Is 
added  to  a  germanium  crystal,  each  of  the  arsenic  atoms  becomes  a  part  of  the  semi- 
conductor (  )  structure. 


//////////////////// 


crystal  lattice 


30.  In  order  to  maintain  covalent  bonding  of  the  crystal  lattice,  only  four  of  the  five  valence 
electrons  of  the  (  )  atom  are  required. 


//////////////////// 
arsenic,  Impurity 


3La.  Because  of  this,  the  germanlumcrystal 
lattice  structure  will  contain  an  excess 

(  ). 


Excess 
electron 


/V////// ////// V./// 
electron 
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ZlA).  When  a  aeiiUconductor  material  contains  an  excesa  of  etectrona  it  Is  callod  N-type 
material,  Doplni;  a  semiconductor  material  wilh  a  pentavalent  Impurity  results  In 
(  )  malcrlai  because.  .  .  . 

//////////////////// 
N-type 

Uie  material  contains  an  excess  of  electrons. 


32.  If  a  trlvalent  Impurity  such  aa  Indium^  whose  atoms  conlaln  three  valence  electrons,  Is 
added  to  germanium*  each  of  Ihe  Indium  atoms  becomes  a  part  of  the  semiconductor 
{  )  structure. 


//////////////////// 
cryslai  lattice 


33,  Since  an  indium  atom  has  only  three  valence  electrons,  the  covalenl  bonds  created  wiU 
lack  {  ), 


//////////////////// 
one  electron 


34, a.  This  lack  of  one  electron  produces  a 

{  I 


//////////////////// 
bole 


34, b.    Since  a  hole  can  be  considered  a  positive  charge,  semlconduclor  malerlal  thai  conlalns 
an  excess  of  holes  Is  called  (  )  material. 


//////////////////// 
P-type 
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:ir)  An  eLemoiit  whoso  atom^  have  HviJ  vjUonce  eliictiun^  [a  CiULetl  a  pr  tavalt^nt  Lmpur1ty> 
U^tiiiC  tho  table  icLvLciic  the  majclmimi  iiuiiUH.'ro£i.4fictroti£i  {wv  Hht*\\^  rh^xj^r  the  pf;ntftvalent 
atom  from  thotm  shown. 


SHCLL 

2 

5 

4 

MAXIMUM  NUMBER 
OF  CieCTRONS 

2 

a 

18 

\2 

2  I 


//////  V//////////// 
2 


36.  An  element  whose  atoms  have  three  valence  electrons  Is  called  a  trlvalent  Impurity. 
Choose  the  trlvalent  atom  from  those  given.   


2  3 


//////////////////// 


37.  Elements  which  provide  excess  electrons  are  called  donor  Impurities  because  they 
donate  excess  electrons  to  the  semiconductor.  Pentavalent  elements  guch  as  arsenic* 
phosphorus*  and  antimony  are  (  )■ 


//y//////////////// 
dOnor  impurities 


33 


i.  _i_  i 


3B.  The  nucLeu.^  at  tho  pentavalent  itom 
ejcertji  only  i  very  weak  Influence  over 
the  exceiis  (  ). 


//////////////////// 
electron 


EXC?5S 
ELECTRON 


39.   At  normal  room  temperature,  enoug^h  thermal  energy  tfl  available  to  caune  the  excess 
electron  to  break  away  from  the  {  )  atom. 


//////////////////// 
donor,  pentavalent,  impurity 


40.  The  free  electron  then  drifts  through  the  (  )  structure  ot  the  germanium. 

//////////////////// 
crystal  lattice 

41.  Germanium  or  silicon  crystals  containing  excess  electronSi  which  are  negative  carriers* 
are  called  (N/P)'type  semiconductors. 

//////////////////// 
N 


42.  Elements  which  Create  holes  are  called  acceptor  Impurities.  Trlvalent  elements  such  as 
Indlumi  gallumi  and  boron  are  (  ). 

//////////////////// 
acceptor  Impurities 

43.  When  a  trivalent  or  acceptor  impurity 
Is  added  to  aaemiconductori  adeAclency 
of  (  )  Is  Created. 


//////////////////// 
electrons 
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44.  Germanium  ur  ulllcon  crygtalA  with  an  oxcoaa  of  hol^a.  which  are  poftltlve  carriers,  are 
4!alJ«><1  (  )^type  Momlconductorg. 

//////////////////// 

P 


4 5. a.  The  effect  of  creating exceaeelectrona 
In  eemjconductorg  can  be  examined  In 
terms  of  energy-level  diagrams* 


Without  the  pentavalent  Impurity,  the 
wtdth  of  the  forbidden  band  Is  {  ) 
electron  volts. 


PURE  0£RMANlUM 
SEMICONDUCTDft 

//////////////////// 
0.7 


o 
cm: 


CON0UCT^o^^ 

BAND 


FORBIDDEN 
BAND 


VALENCE 
BAND 


>  0  7ev 


4  5.b.  With  the  pentavalent  Impurity*  the 
overall  width  of  the  forbidden  band  for 
the  valence  electron  Is  {  ) 
electron  volts* 


CONOUCTlOpv 
BAND 


DONOP  ElECTffON 
FOR0IOOCN  BAHO 


^Og*^_£LECTRO#i 


ffgV  lEVEl 
VALENCE 

e4No  > 


VALENCE  ELECTRON 
>  F0R6r0D€N  eiNO 
OTiv 


oopEo  germanium 
semiconductor 


//////////////////// 


0.7 


45. c.  Only  four  electrons  from  the  pentavalent  Impurity  atom  are  needed  to  take  part  in 
covalent  bonding,  and  the  fifth  electron  In  the  crystal  structure  is  only  loosely  bound 
to  Its  parent  atom  (impurity  atom).  Therefore^  the  energy  level  of  the  free  donor 
electron  Is  higher  than  that  of  the  electrons  held  in  covalent  bonds«  so  that  the  for* 
bidden  band  for  donor  electrons  la  (  )  ev. 

//////////////////// 


0.05 


4^.d.     In  N-type  aemlconductora,  the  free  donor  electronji  become  the  main  current  carrterJ: 
therefore,  the  effective  forbidden  band  Is  reduced  from  (  J  to  (  )  by 

the  addition  of  Impurities. 

//////////////////// 
0.7  Gv  0.05  ev 


46. a.    Creating  holes  In  semiconductors  similarly  affects  the  ( 

//////////////////// 
energy 


)  level  distribution. 


46.b.    In  P-type   material,  the  trlvalsnt  Impurity  effectively  decreafles  the  width  of  the 
(  )  band. 


//////////////////// 
forbidden 


46.C.    This  occurs  becuase  the  attraction  of  the  holes  effectively  Increases  the  energy  level 
of  surrounding  (  ). 


//////////////////// 
electrons 


47.  This   addition  of  a  donor  or  pentavalent  impurity  to  germanium  or  silicon  produces 
(  )*type  semiconductors. 


//////////////////// 
N 


46.  N-type  semiconductors  have  an  excess  of  (  which  drift  freely  in  the  crystal 

lattice  structure. 

//////////////////// 
electrons 

49.  When  an  EMF  (electromotive  force)  energy  is  applied  to  an  N-type  semiconductor,  the 
free  electrons  can  take  part  in  (  )  flow. 

//////////////////// 


current 
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Althouf^h  N-type  aetnt conductor  arc  made  to  have  no  holas,  thermal  onerKY  cauflca 
somn  valence  elijctrona  to  break  their  bondB,  leaving;  aome  hoLefl.  Then,  when  e[iou((h 
energy  10  applied,  other  (  )  wilt  be  freed  to  fill  theae  hotea. 


//////////////////// 
valence  electrons 


50.b.  Aa  these  valence  electrons  move  from  one  covalent  bond  to  another,  they  will  cause 
(  )  current  to  0ow. 

//////////////////// 
hole 

5La.  But,  In  N*type  material,  there  are  many  more  free  electrons  then  there  are  thermally* 
prcxluced  holes.  Therefore,  the  electrons  In  N-type  material  are  called  the  (majority/ 
minority)  carriers. 

//////////////////// 
majority 

5Lb.    The  holes  In  N-type  material,  then,  would  be  called  (  )  carriers. 

//////////////////// 
minority 

52.  The  addition  of  acceptor  or  trlvalent  Impurities  to  germanium  or  silicon  produces 
(  )*type  semiconductors. 

//////////////////// 
P 

53.  P*type  semiconductors  have  a  deficiency  of  valence  el<^ctrons,  which  produces  an  excess 
of  (  )  In  the  covalent  bonds. 

//////////////////// 
holes 


54,  When  energy  Is  applied  to  a  P*type  semiconductor,  valence  electrons  will  leave  their 
covalent  bonds  to  QU  holes.  But  In  doing  so,  they  leave  ne^  holes  In  their  wake.  This 
causes  an  apparent  movement  of  the  holes,  which  is  known  as  (  )  flow. 

//////////////////// 
hole  current 
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55.  Alth^mgh  P-type  jientlconductorn  aro  made  to  havo  no  free  ©l^ctronit,  t  h«  r  m  al  energy 
caufififi  Honio  valence  elef^troEiJi  to  break  their  brjndff  and  drift  through  the  crystal  lattice 
fitrurturc.  Thun,  when  cnoricy  la  applied  tj  the  flentlconductor.  thoao  free  eloctronn  form 
{  )  curront  How, 

//////////////////// 
electron 


56. a.    But,  holefl  produced  by  doping  are  much  more  numerous  than  electronfl  freed  try 
thermal  agitation.  Therefore,  In  P-type  material,  holes  are  the  (  )  carriers 

//////////////////// 

majority 


56. b.    The  minority  carrier**  In  P-type  material  are  { 

///  7/////////////// 
electrons 
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11^ 


1.  Th«  ;fctumA  In  a  a^mlconductur  furttt  a 
CRYSTAL  LATTICE  fltructure. 

2.  The  crystJd  UttLce  structure  Is  main- 
tallied  by  COVALENT  BONCfNG. 

3.  Covaleitt  bending  Is  the  sharlttK  of 
valence  electrons  between  adjacent  ^toms. 

4.  Germanium  and  silicon  atoms  have  Tour 
valence  etectron«. 

5.  Covalent  bonding  effectively  frlves  each 
atom  eight  valence  electroniSr  making  a  pure 
semiconductor  stable. 

6.  Because  of  TH  E  B  M  A  L  AGITATION, 
some  valence  electrons  break  their  covalent 
bonds  and  become  available  for  current flov^. 

7.  A  HOLE  Is  a  location  In  a  covalent 
bond  that  has  been  vacated  by  a  VALENCE 
electron. 

6  A  hole  Is  simply  a  con'  -^nlent  device 
for  expiesslng  the  motion  of  valence  elec-^ 
troni9. 

9.  Holes  and  electronis  can  move  about  and 
recomblne  In  a  random  mani^^r. 

10.  Holes  and  electrons  re  called 
CURRENT  CARRIERS,  .lolea  are  positive 
carriers  and  electrons  are  negative  carriers. 

IL  Impurities  are  added  to  semiconductors 
to  Increase  the  number  of  current  carriers. 
This  process  Is  called  DOPING. 

12.  Imourltles  can  be  PENTAVALENT  or 
TRIVALENT  elements. 


13.  Pentavtilent  atoms  tuiv<«  five  valence 
electrons. 

14.  Trlvalftit  atunts  have  three  valence 
electrons. 

15.  Pent<Lvalent  elements,  which  produce 
free  electrons,  are  called  DONOR  Impu- 
rities. 

16.  Trlvalent  elements,  which  create  holes, 
are  called  ACCEPTOR  Impurities. 

17.  In  terms  of  energy-lovel  diagrams, 
adding  Impurities  to  semiconductors  effec-^ 
tlvely  decreases  the  width  of  the  forbidden 
band. 

18.  A  P-TYPE  senilconductor  contains 
many  holes. 

Id.  A  N-TYPE  semiconductor  contains 
many  free  electrons. 

20  The  MAJORITY  CARRIERS  In  P-type 
material  are  holes. 

21.  The  majority  carriers  In  N-type  material 
are  electrons. 

22.  In  P-type  material,  thermal  agitation 
produces  a  few  free  electrons. 

23.  In  N^type  material,  thermal  agitation 
produces  a  few  holes. 

24.  The  MINORITY  CARRIERS  In  P-type 
material  are  electrons. 

25.  The  minority  carriers  In  N-type  material 
are  holes. 
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IV«  SEMICONDUCTOR  DIODES 


In  thr  j)r(*vl<>ij*j  loswnn,  you  h^arnctJ  ab(>ijt  P-  iinO  N-typ*?  fl*?nilconiliJt:torfl,  «mil  hi>w 
tiol(!:ff  uiut  frt't^  oU^ctroiif^  izM  move  atxmt  In  ttu?.s(!:  mat(!:rLalfi.  In  this  lf?sson,  y<yi  will 
Iti::irn  fiow  :i  Hcrrit conductor  OloOc  can  fortm*<l  by  cumbLnUiK  a  P-  and  an  N-typr 
ijonUooMdnctor,  Mid  how  tLL*j  <Ut><lti:  workfJ  wUJi  different  t3rpcfl  of  bias  voltages.  Then, 
tht'  :ippUoatU>n  of  ;t  M|)i?(:LfU:  ty|>e  of  (lLod«^  know  aii  a  Zcncr  (n!:fcrcuce)  diode,  will 
will  iM^  covered. 


'^N  CHARACTEtUSTlCS 

1.    Tile  trlvaleiit  acceptor  Impurity  atoms  that  are  added  to  P-type  semltnonductors  have 
{  )  valence  electrons. 

////////////////■'/A' 
three 


2.  before  the  trlvaient  acceptor  atoms  iire  udd(!:d  to  a  semiconductor,  they  are  electrically 
nputral:  they  have  th  ;  same  number  of  (  )  and  {  )^ 

/////////V///////// 
electrons  protons 

3.  Whe  1  a  pentavaient  donor  atom  becomes  part  of  the  semiconductor  crystal  lattice 
structure,  It  gives  up  an  (  )^ 

////// ^v ////./ ^'^v// 

electron 

4.  When  a  trlvaient  aceeptor  atom  becomes  part  of  the  semiconductor  structure,  It  eaii 
create  a  hoie  In  an  adjacent  semiconductor  atom  by  taking  on  an  (  )  from  the 
adjacent  atom> 

electron 

5.  Since  the  acceptor  Impurity  atom  originally  had  the  same  number  of  protons  and 
electrons,  the  extra  electron  causes  the  acceptor  atom  to  become  {  )  charged. 

//////////////////// 
negatively 

6.  a.   The   semiconductor  atom  that  gave  up  the  electron  to  the  impurity  atom  takes  on  a 

(  )  charge. 

//////////////V//// 
positive 
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O  b.    The  rtpai^f*  loft  by  Uio  oloctruii  In  callrd  a  (  ). 

//////////////////// 
hole 

(kc,    TUe  holi?  rt*^rL*«cntH  th**  (  )  charge. 

/////'////////////// 
positive 


7. a.  P^type  semiconductors,  then»  have  two 
types  of  charged  atoms:  negative  Impu- 
rity atoms,  and  positive  semiconductor 
atoms  (holes), 

in  the  dlajsfrani,  a  nef^atlve  sign  In  a 
circle  represents  a  (  ). 


//////////////////// 
negative  atom  (Ion) 


7.b.   The  positive  atoms,  or  holes,  are  shown  2s: 

//////////////////// 
a  plus  sign. 

7.C.  The  circles  around  the  negative  sign  indicate  that  the  negative  charge  Is  Less  apt  to 
move.  The  majority  current  carrier,  then  Is  made  up  of  (  ). 

////////V////////// 
holes 

7.d.  However,  It  Is  Important  to  keep  In  mind  that  THE  OVERALL  CHARGE  o£  the  P-type 
material  remains  neutraJ  because  the  negative  charge  of  the  acceptor  atoms  Is  balanced 
by  the  positive  charge  of  the  (  )  created  In  the  material. 

//////////////////// 
holes 


The  pentavalent  donor  Impurity  atoms  that  are  added  to  N-type  semiconductors  have 
(  )  valence  electrons. 

////////V////////// 
five 
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Before  the  pentavalent  donor  atoms  are  added  to  a  flemlconducto^,  they  are  also  electrU 
cally  (  ). 

//////////////////// 
neutral 


10.  Since  the  donor  Impurity  atom  ^ivea  up  an  electron^  the  donor  atom  becomes  (  ) 
charf(ed. 

//////////////////// 
poflltlvely 

IL  However,  the  OVERALL  CHAHGE  of  the  N^type  material  remains  NEUTRAL  because 
the  positive  charge  of  the  donor  atoms  Igb&lanced  by  the  negative  charge  of  the  (  ) 
created  In  the  material, 

//////////////////// 

free  electrons 

12, a.  N-type  eemlconductors,  then,  have 
two  types  of  charged  particles: 
positive  Impurity  atoms,  and  free 
electrons. 

in  the  diagram,  the  positive  atoms 
are  shown  as: 

//////////////////// 

plus  signs  in  circles 

12.b.    The  ftee  electrons  are  shown  sis: 

//////////////////// 
negative  signs 

12.  C.    The  circle  around  the  plus  sign  indicates  that  the  positive  charge  Is  less  apt  to  move. 

The  majority  current  carrier,  then,  ig  made  up  of  {  ). 

//////////////////// 
electrons 

13.  The  majority  carriers  In  P-type  material  are  (  ). 

//////////////////// 
holes 
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14.  Th€  mujnrlty  carrlom  In  N-type  material  arc  (  ). 

//////////////////// 


electrunB 


15.  Althouifli  both  N-  and  P-^type  materials  aro  electrically  neutral  overall,  when  they  are 
^'Joined"  tni^ether,  there  la  aome  attraction  In  the  Immediate  area  of  the  Junction,  The 
holes  On  one  side  of  the  junction  attract  aome  free  electrons  from  the  other  side  of  the 
Junction,  The  free  electrons  cross  frnm  the  Nsectlon  to  the  P  section  and  fill  ( 

//////////////////// 


holes 


It  is  convenient  to  speak  of  PN  Junctions  as  being  "Joined"  together.  Actually, 
however,  a  PN  Junction  can  be  formed  only  by  a  chemical  process  In  which  the 
P-type  and  the  N-type  material  form  a  single  crystal.  In  fact,  a  PN  Junction  dtode 
or  a  transistor  would  not  work  If  the  Junctions  were  mechanically  Joined. 


16,  Since  the  N  section  was  Initially  neutral,  loss  of  aome  of  Its  electrons  leaves  It  with  a 
(  )  charge. 


//////////////////// 
positive 


17,  The  positive  charge  of  the  N  section  Increases  as  the  number  of  departed  ( 
increases, 

/////////V///////// 


electrons 


18,  Eventually,  the  positive  charge  of  the  N  section  wlU  be  enough  to  prevent  additional 
electrons  from  leaving  because  of  the  force  of  (  ), 


///////// '////////// 
attraction 


19.  The  P  section  wa^  Initially  neutral.  But.  because  some  of  Its  holes  have  been  filled  with 
electrons  from  the  N  section,  the  P  seetlon  becomes  (  )  charged, 

////7 /////////////// 
negatively 

20,  M^en  additional  electrons  from  the  N  section  attempt  to  approach  the  Junction,  not  only 
are  they  restrained  by  the  attraction  of  the  positive  charge  In  the  N  section,  but  they  are 
also  (  )  by  the  (  )  charge  of  the  P  section, 

//V/////////V///// 
repelled  negative 
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2L  Becauac  current  carriers  have  com*Jlncd,  the  area  around  the  Junction  will  have  an 
abience  of  (  )  and  (  ). 

//////////////////// 

holes  free  electrons 


22.  This  area  around  the  Junction  Is  called  the  DEPLETION  REGION  because  of  the  lack  of 
holes  and  electrons.  Choose  the  diagram  which  most  accurately  represents  this  condition. 


QQO: 
QQOi 

^000 
^000 

P  N 

QQO 

0  00 
0  00 

/////////////// V/// 


23.  Because  of  the  depletion  region,  restraining  forces  are  set  up  at  the  (  )  of  the 

two  sections. 

//////////////////// 
Junction 


24.  The  restraining  force  present  at  the  Junction  may  be  REPRESENTED  by  a  battery.  SHce 
the  P  section  has  a  negative  charge  and  the  N  section  a  positive  charge,  a  battery  that 
represents  these  forces  would  have  ltd  negative  terminal  connected  to  the  (  ) 
section  and  Its  positive  terminal  connected  to  the  (  )  section. 

//////////////////// 


N 
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2!^. a.    Choose  the  dlaKram  which  correctiy  reprMentei  the  restraining  force  present  at  the 
Junction. 

, — 1 1 — , 


QQO 
QQO 

QQO 
OQQ 

i — * 

p        :        :  N 

QQO 
QQO 

OQQ 
OQQ 

2 


//////////////////// 
1 

25.  b.    This  force  is  due  to  the  {  )  region* 

//////////////////// 
depletion 

26.  By  representing  the  restraining  forces  with  a  battery,  It  Is  shown  that  electrons  attempt- 
ing to  travel  from  the  N  section  to  the  P  section  encounter  the  opposition  of  the  battery 
and  are  ( 

//////////////////// 
repelled 

27.  Also,  the  effective  battery  at  the  Junction  also  repels  the  (  )  that  might  come 
from  the  P  section. 

/////./////////////// 
holes 
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26. 


In  a  PN  Ulode,  the  electrons  In  the  N 
section  have  a  tendency  to  move  over 
the  junction  and  combine  with  (  ). 


///////////V//^/  7/ 
holes 


29.  However,   this   tendency   Is   opposed   by  the  restraining  potential  built  up  across  the 
(  )  region. 


//////////////////// 
depletion 


30.  To   aid   the   flow   of   current  through  a  PN  Junction  diode,  an  external  battery  can  be 
connected  across  tiie  diode  to  move  ttie  electrons  In  tiie  N  section  toward  the  (  ). 


//////////////////// 
junction,  P  section 


3L  Add  a  battery  to  the  PN  diode  in  the 
diagram  so  that  the  ele«^trons  In  the  N 
section  will  cross  the  junction. 


//////////////////// 
P  H 
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32.  However,   a  algniUcant  amount  of  current  will  not  How  unless  the  battery  potential 
exceeda  that  of  the  rratralnlng  potential  across  the  (  ). 

//////////////////// 
Junction 


33.  Electrons  from  the  negative  terminal 
of  the  battery  enter  the  (  ) 
section  of  the  dtode  and  cause  free 
electrons  to  move  towardthe  (  ). 


//////////////////// 
N  Junction 


34.  In  the  N  section^  the  free  electrons  ar?  called  the  { 

//////////////////// 
majority 


)  carriers. 


35. 


In  the  P  section,  the  battery  potential 
must  also  get  the  tioles  to  overcome 
the  (  }  at  the  Junction* 


//////////////////// 
restraining  potential 


36.a.  The  positive  voltage  of  the  battery 
causes  a  (  )  electron  to  break 

lis  bond  and  leave  the  P  section. 


//////////////////// 
valence 
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3(i.b,    Tlie  val©iic<!  electron  leavea  ii  (  )  In  ;i  covalcnt  bond. 

//////////////////V 
hole 


36. ti.  This  hole  then  attracts  an  electron 
from  another  covalent  bond,  leaving 
a  hole  In  that  bond.  This  process 
continues,  and  the  hole  apparently 
flows  toward  the  {  ). 


//////////////////// 
Junction 


36.  d.    In  the  P  section,  the  holes  make  up  the  (  )  carrier. 

  /////////////////. V/ 

majority 

37.  when  the  battery  potential  Is  higher  than  the  restraining  potential,  free  electrons  and 
holes  cross  the  (  ). 


//////////////////// 
Junction 


3d.  After  they  cross  the  Junction,  some  of  the  holes  and  free  electrons  (  ). 

//////////////////// 
combine 


39. a.    When  holes  and  free  electrons  combine  at  the  Junction,  they  are  "lost/' 

However,  for  each  combination  that  occurs,  an  electron  leaves  the  P  section  and 
enters  the  (  )  battery  terminal* 

//////////////////// 


positive 
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30.b.    The  electron  that  lesiveo  tho  P  aoctloa  starts  another  (  )  In  motion  toward  the 

Junction. 

//////////////////// 
hole 

39.C.  AlaOr  for  each  electron-^holc  combination  at  the  Junction*  an  electron  from  the  negative 
battery  terminal  enters  the  (  )  section. 

//////////////////// 
N 

30. d.    Thlfl  free  electron  then  Qowa  toward  the  ( 

//////////////////// 
Junction 

30.e.  The  free  electrons  from  the  N  section  that  combine  with  holes  In  the  P  section  become 
valence  electrons  caught  in  a  covalent  bond.  They  therefore  replace  the  (  ) 
electrons  that  leave  the  (  )  section. 


//////////////////// 
valance  P 


30.  f.    The   firee  electrons  that  enter  the  N  section  (  )  those  that  flU  holes  In  the 

covalent  bonds  In  the  P  section. 


//////////////////// 
replace 


40.  Free  electrons  In  the  N  section  are  (  )  current  carriers. 

//////////////////// 


majority 


41.  Holes  In  the  P  section  are  (  )  current  carriers. 

//////////////////// 
majority 


42.  Since  the  free  electrons  In  the  N  section  and  the  holes  In  the  P  section  are  replaced  as 
they  How  through  the  diode,  the  current  Is  carried  by  (  )  current  carriers. 


//////////////////// 
majority 
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43,  When  a  diode  la  blaaed  so  that  It  adlowa  majority  carrlera  to  flow,  it  la  aadd  to  be  biaiied 
In  the  FXDRWAJRD  direction.  Forward  blaa  overcomea  the  (  )  at  the  Junction  to 

allow  current  flow, 

//////////////////// 


reatraining  potential 


44,  The  restraining  potential  Is  more  easily  overcom^^  with  higher  ( 

//////////////////// 


)  bias. 


forward 


4^,  The  curve  shjwa  that  as  the  forward 
bias  voltage  la  Increased*  the  forward 
current  through  the  PN  diode  is  (  ), 


0  FORWARD  Bias,  voltage  -* 


//////////////////// 
Increased 


46,a,    When  the  battery  potential  to  the  diode  13  reversed^  the  voltage  applied  to  the  diode  Is 
called  (  )  bias. 


//////////////////// 


reverse 


46, b.    Add  a  battery  to  the  diagram  showing 
reverse  bias. 


//////////////////// 
P  N 
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47.  a.    Electrons  from  the  negative  terminal  p 

of  the  battory  enter  the  {  )  1 

aectlon  of  the  diode. 


//////////////////// 


47. b.    These   electrotifl  flU   (  )  In 

covalent  bonds  In  the  P  section. 


//////////////////// 

boLea 


47x. 


The  negative  voltage  of  the  battety 
repels  the  electrons  from  one  hole  to 
another  toward  the  junction.  This 
causes  the  ^  holes  to  move  away  from 
the  (  ). 


//////////////////// 

Junction 


48.  The  positive  voltage  of  the  battery 
attracts  free  electrons  out  of  the 
(  )  section  and  away  &om  the 


//////////////////// 
N  junction 


+  + 
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40. As    With  rovor3«*  bla^i,  the  hoLea  In  the  P  election  and  ihii  treo  <?lectroni9  In  the  N  A€Ctlun 
arc  iittrkcted  (rtway  froni/towatd)  the  Junction. 


//////V//// //////// 

away  (rum 


49. b.    These    majority   current  carriers  cannot  { 
current  cannot  {  )^ 

//////////////////// 
combine  flow 


)  at  the  junction;  and  majority 


50.  Hi>weveri  you  will  recall  that  there  are  some  free  electrons  In  the  P  section  because  of 
thermal  agitation.  These  free  electrons  In  the  P  section  are  (  )  current  carriers. 

//////////////////// 
minority 

5L  AlsOi  there  are  some  Tioles  In  the  N  section  because  of  thermal  agitation.  These  holes  In 
the  N  section  are  {  )  current  carriers. 

//////////////////// 

minority 


52. a.    With  reverse  biasi  the  { 
forward  blaa. 


;  carriers  itct  similar  to  the  majority  carriers  with 


//////////////////// 


minority 


52*b.  Due  to  the  battery  potential*  the  mU 
norlty  carriers  {free  electrons  In  the 
P  section  and  holes  In  the  N  section) 
accumulate  at  the  (  ). 


//////////////// 
Junction 


52 
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52.C,  Tha  negative  tarmtniU  of  the  battery 
tends  to  move  an  electron  Into  and 
through  the  (  )  section. 


I  

//////////////////// 
P 

52.4.  Wh«n  an  electron  flows  into  the  P 
section,  a  free  electron  from  the  P 
section  crosses  the  (  ). 


I  

//////////////////// 
junction 

52.e.  When  the  f^ee  electron  crosses  the 
Junction*  It  encounters  &  (  ) 
in  the  N  section. 


I  ^iii  1 

//////////////////// 

tule 

52.  t.    The  trae  electron  ^8  the  hole.  For  current  to  continue  to  flow«  an  electron  must  then 
leave  the  (  )  section)  and  a  new  hole  must  be  (  ). 

//////////////////// 
N  Created,  produced 

53 


52. The  poaLtlve  ti^rnUn^Q  of  tU«^  b^^ttttry 
torujs  to  pull  ;i  free  oloctron  out  of 
the  N  AoctLoit,  and  alfiu  applies  a  forct! 
of  (attrat^tloirrRpulttlori)  on  the  V;il- 
oniio  ekctrons  at  that  end  (jf  the  N 
aiictlon. 


^■^^^  7/ //////// V//// 


attraction 


52, h.    The  free  electron  from  the  P  section 
that  crossed  the  Junction  allows  a  free 
electron  to  flow  out  of  the  {  ) 
section 


////////////  vv///// 

N 


52.  1. 


The  free  electron  from  the  P  section 
that  filled  the  hole  In  the  N  section 
became  a  valence  electron.  Its  energy 
level  went  down  from  the  conduction 
band  to  the  valence  band.  It  therefore 
had  to  give  up  {  ). 


CONDUCTION  8AN0 


FQRetOOEN  BAND 


VALENCE  BAND 


//////////////////// 
energy 


52,  J.    The  energy  given  up  by  the  electron  Is  transmitted  through  the  crystal  structure  and 
aids  the  positive  battery  potential  to  free  a  (  )  electron  at  the  other  end  of  the 

N  section. 


//////////////////// 


valence 


54 
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52. k.    ThiB  produoeii  a  ( 


//////////////////// 
hole 


52.  \.    That  hole  la  tlUe<l  by  another  (  )  nlectron.  which  createa  a  ( 

//////////////////// 
valence  hole 


52. m*  The  hole,   then,   apparently  moves 
toward  the  (  ). 


//////////////////// 
Junction 


52.n.    At  the  Junction,  the  process  continues.  A  ( 
to  on  a  (  )  In  the  N  section. 

//////////////////// 

free  electron  hole 


)  from  the  P  section  crosses  over 


53. a.    The  minority  carriers  are  "losr'  when  they  comlJlne  at  the  Junction. 

But  for  each  comt>liiation,  a  free  electron  left  the  N  section,  and  ^  valence  electron 
was  freed  to  produce  a  new  (  ). 

//////////////////// 
hole 


53.b.    Also,  an  electron  from  the  negative  battery  terminal  enters  the  ( 
each  combination. 

//////////////////// 


)  section  for 
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r)3.c!.    Sli[0**  the  fro<?  f*l(?oti(»[  thiit  cnt*?r3  the  P  Mocti<Mi  JUid  tlu?  [[cw  hole  produced  In  the  N 
iu^i^tUm  [f^ijlacc  tin'  ftilfifjrlty  oarrlei\s  tliiit  C(jmbl[U*(l  attin*  Janrtlnri,  {  )  current 

/  /  '  /  ' '  '  i  '  /  f  /  '  /  /  /  ■  /  "  / 

ml[[(>rity 

54,   Tlicr(*ft>rf?,  rurrfMit  throuKli  si  diode  Ctjnnected  tu  roversf:  bliis  Is  cc)ntnjU*:d  by  {  ) 
curr*>rit  carriers. 

minority 


55.   At  normal  operating  temperatures  there  are  muc^i  (more  less)  minority  carriers  than 
majority  carriers, 

'  y///  * / // o //  V  '/  ■'/ 

Leas 


56.  Theroforet  minority  carrier  current  is  much  (more/less)  than  majority  carriers. 

Less 


57.  Reverse  bias  gives  much  (more^ess)  diode  current  than  (  )  bias. 

///////////  7//7/// 

Less  forward 


58.  Since  with  forward  bias  majority  current  flows*  and  with  reverse  bias  minority  current 
flowSt  a  PN  diode  will  conduct  less  current  with  (  }  bLas. 

/V'/'V/Z/^/^V///// 


reverse 


Actuallyt  mLnority  carrier  current  flow  exists  whether  the  diode  is  reverse  biased 
or  forward  biased.  However,  with  forward  bias  the  majority  carrier  current  flow  is 
so  much  greater  than  the  minority  carrier  currentflow  that  minority  carrier  current 
flow  can  usualLy  be  ignored.  With  reverse  bias  there  is  no  majority  carrier  current 
flow  so  that  mLnority  current  is  the  onLy  current  that  flows.  And,  in  many  cases  it  is 
so  smalL  that  it  can  be  ignored. 

Since  there  are  so  few  minority  carriers  in  a  Junction  diode*  the  LeveL  of  the  bias 
voltage  has  very  little  aifect  on  the  amount  of  reverse  current  that  flows.  However, 
since  the  NUMBER  of  minority  carriers  INCREASES  as  TEMPERATURE  IN- 
CB.ZPSESt  the  amount  of  reverse  current  wlLL  increase  as  temperature  increases. 


56 
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60. 


Chootfo  tho  phrajiof!  In  tho  pncond  column  that  matrh  tho«o  In  tho  ftrat  column. 


forward  blaui 
reverse  bias 


a.  low  current 
majority  current 
high  current 

d.  minority  current 


//////////////////// 


2.  a.,  d. 


A  comparison  of  forward  and  reverse 
bias  can  be  made  with  a  diode  charac- 
teristic curve.  The  diagram  shows  that 
for  equivalent  values  of  voltage,  forward 
bias  provides  more  (  )  than  re- 

verse bias. 


I  (MA) 


-VOLTS 
(REVERSE) 


+VOLTS 
(FOflWARD) 


//////////////////// 


current 


61.  A  sharp  Increase  In  current  occurs  where  the  forward  bias  overcomes  the  restraining 
potential  at  the  (  ). 


//////////////////// 
junction 


62.  Reverse-bias  current  flow  Is  due  to  (majority/minority)  carriers. 

//////////////////// 

minority 


63.  However,  as  the  value  of  reverse  bias 
voltage  applied  to  a  PN  diode  Is  In^ 
creased,  a  point  Is  reached  at  which 
there  Is  a  sharp  Increase  In  reverse 

(  )^ 


HMA) 


■VOLTS 


'ARO 
+VOLTS 


//////////////////// 


current 
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64.  Thlf*  flhurp  tncrc:uio  lii  rovordo  t:urrent  orcurfl  when  minority  electronrt,  pasAlntc  throiifcti 
die  PN  Junction,  #(;iln  flufHrlent  enericy  to  kiiork  ott  many  valntre  {  )  botinil  to  the* 

rry.it^il  luttlro  structure. 

////V/////////A7  '/ 
olectronff 

r>5.   Klectrona  removed  from  th(*  crystal  lattice  structure  have  their  enericy  levels  ral.^ed 
from  thf*  valence  band  to  the  {  )  band. 

/////////.V///////// 
conduction 

66>  The  energy  levels  of  several  valence  electrons  may  be  raised  to  the  conduction  band 
from  the  energy  Imparted  by  the  collision  of  one  {  )  electron> 

//////////////////////// 

minority 


67.  With  high  reverse  bias  voltages,  each  valence  electron  may  In  turn  free  several  more 
electrons,  until  a  considerable  (  )  results. 

//////////////////// 
current 


68.  This  sharp  Increase  In  reverse  current 
Is  called  avalanche  breakdown.  Label 
the  portion  of  the  curve  representing 
where  avalanche  breakdown  starts> 


IfMA) 


' VOLTS 


//////////////////// 
[  (MA) 
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60.  The  voltage  at  which  avalanche  break* 
down  occura  Is  called  the  breakdown 
voltage.  Label  the  point  Indicating  the 
breakdown  voltage. 


l(MA) 


-VOLTS: 

AVALANCHE 
BffEAKOOWN  /reverse 


//////////////////// 


I  (MA) 


BREAKDOWN 
VOLTAGE 

-VOLTS 


AVALAMCHE 
BftEAKOOWN  A?EVEPSE 


I(^A) 


70.  A  high  reverse  Current  would  damage anordlnary diode;  but,  because  of  special  construc- 
tion techniques,  certain  diodes  are  not  damaged  when  the  breakdown  voltage  Is  exceeded 
and  (  )  occurs. 

//////////////////// 
avalanche  breakdown 

71.  a.    This  symbol  Is  the  schematic  repre- 

sentation of  a  diode:   N  

When  the  diode  is  forward  biased^ 

electron  current  flows  "against"  the  

arrow: 

When  the  diode  Is  reverse  biased, 
....  electron  current  flows: 


//////////////////// 


very  UtHei  no 


50 
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71  b.    DRAW  th«  oatimt  voltn^o  waveform   ^  ~. 

that  will  iipp**ar  acroas  load  resistor  1 

HI..  n 

0  voir,  ' — 


///  ^  ^  //// n  n  ^  ^  f  f  /  ;  r 

n 


0  VOLT^ 


7LCh    draw   ttie  output  voltage  waveform 
^hat  wlU  appear  across  HL. 


0  VOLTS 


0  VOLTS   


L 


7Ld.  Witti  the  voltage  polarities  Indicated. 
Is  this  diode  forward  or  reverse 
biased? 

//////////////////// 
forward 


71. e-    On  tlilfl  diagram,  draw  a  battery  that 
wUl  reverse  bias  the  diode- 


71. f.     Add  a  diode  to  this  circuit  that  will 
result  In  the  output  shown.  Draw 


polarities  (-+)  on  the  diode.  q  VOLTS  ""^""^"^j^J^ 


/////////////////  7/ 


0  VOLTS 


o  


'■\f 
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ZENER  (REFERENCE)  DIODES 


72,  Dlodeo  that  arc  made  to  operate  In  the  breakdown  rcglnn  are  called  Zcner  dlodoH;  they 
are  alBO  known  as  reference  CUodeci,  avalanche  diodes,  and  breakdown  diodes,  Zener 
diodes,  then  are  used  In  (  )  bias  applications. 

//////////////////// 

reverse 

73,  The   Zener  breakdown  region  can  b©  used  In  certain  circuits  for  voltage  regulating, 
clipping,  and  limiting.  In  the  schematic,  the  Zener  diode  in  being  used  as  a  (  ), 

<f    P.  - 


FILTER 

OUTPUT 

FROM 

POWER 

SUPPLY 


<5+ 


REGULATED 

OUTPUT 

V0LT4GE 


//////////////////// 
voltage  regulator 


74,  The  output  voltage  Is  also  the  (  )  vol^ige  for  the  Zener  diode, 

//////////////////// 
bias 


75,  The  curve  shows  that  the  Zener  diode  Is 
biased  by  the  output  voltage  In  the  center 
of  the  (  )  region. 


I  {MA} 


BIAS  POINT 
-VOLT*^ 


zemer  ^ 

REGiON 


■VOLTS 


//////////////////// 
Zener 
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79.  If  the  output  or  bias  voltage  Increases,  the  current  through  the  diode  will  (Increase/ 
decreajie)  sharply. 

//////////////////// 
Increase 

77.  This  diode  current  and  the  load  current  flow  through  the  series  (  ). 

//////////////////// 
resistor  (It I) 

7a.  The  Increase  in  current  wlU  cause  an  (  )  In  the  voltage  drop  acrosa  Rl. 

//////////////////// 
increase 

79.  A  bigger  voltage  drop  across  Rl  means  that  the  voltage  will  be  decreased  to  Its  normal 
value  at  the  (  ). 

//////////////////// 
output 

80.  If  the  output  voltage  decreases,  the  current  through  the  (  )  will  decrease. 

//////////////////// 
diode 

8L  Since  the  current  decreases,  the  voltage  drop  across  the  (  )  wiU  decrease. 

///////////////////// 
series  resistor  (Rl) 

82.  Because  of  the  smaller  voltage  drop  across  the  series  reslstorr  the  voltntge  will  increase 
to  Its  normal  value  at  the  (  ). 

//////////////////// 
output 

83.  a.    Thus,  a  Zener  diode  used  as  a  voltage  regulator  tends  to  maintain  a  steady  output 

voltage  by  varying  the  {  )  through  the  series  resistor. 

//////////////////// 
current 
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83,  b.    A  Zener*  diode  operatlnf^  with  avaTanche  current  works  well  as  a  rcjtulator  becauM 
3mall  clianfTcfl  In  voltaffo  cause  (  )  chanf^ea  In  current, 

//////////////////// 
lari;e 


SUMMARY 


L  When  a  PN  junction  diode  Is  formed, 
some  of  the  electrons  In  the  N  section  cross 
the  junction  and  combine  with  holes  tn  the 
P  section. 

2.  A  loss  of  electrons  leaves  the  N  section 
with  a  positive  charge,  which  prevents 
further  electrons  from  crossing  the  Junction 
by  the  force  of  attraction^ 

3.  A  loss  of  holes  through  combination 
with  electrons  from  the  N  section  leaves 
the  P  section  with  a  negative  charge,  which 
also  prevents  ftirther  electrons  from  cross- 
ing the  junction  by  the  force  of  repulsion. 

4.  The  area  around  the  junction  Is  called 
the  DEPLETION  REGION  because  of  the 
absence  of  free  electrons  and  holes. 


7.  The  negative  potential  repels  electrons 
toward  the  Junction  and  the  positive  potential 
repels  holes  toward  the  Junction. 

6.  When  the  escternal  potential  exceeds 
that  of  the  restraining  potential,  electrons 
and  holes  combine  at  the  junction. 

For  each  combination,  an  electron  enters 
the  N  section  from  the  negative  battery 
terminal  and  an  electron  reaches  the  P 
section  and  goes  to  the  positive  battery 
terminals 

10>  Current  Is  carried  by  electrons  In  th« 
N  section  and  by  holes  In  the  P  section. 

11.  As  the  forward  bias  voltage  Increases, 
the  current  through  the  diode  Increases. 


5.  The  restraining  force  at  a  junction  can 
be  represented  by  a  battery.  Electrons  are 
repelled  by  the  negative  potential  and  holes 
are  repelled  by  the  positive  potential. 


6.  FORWARD  BIAS  of  a  PN  diode  allows 
the  majority  carriers  to  flow.  This  Is  ac- 
complished with  the  application  of  a  positive 
potential  to  the  P  section  and  a  negative 
potential  to  the  N  section. 


12.  A  forward- biased  diode  Is  biased  In  the 
low  resistance  direction. 

13.  Reverse  bias  Inhibits  the  majority 
carriers  from  flowing.  This  Is  accomplished 
with  the  application  of  a  positive  potential 
to  the  N  section  and  a  negative  potential 
to  the  P  section. 

14.  The  negative  potential  attracts  holes 
away  from  the  Junction  and  the  positive 
potential  attracts  electrons  away  from  the 
jimction,  preventing  majority  carriers  from 
flowing. 

15.  Minority  electrons  in  the  P  section  and 
minority  holes  in  the  N  section  are  repelled 
toward  the  jimction  where  they  combine  to 
form  minority  current. 


63 


111 


16.  At  normal  operatlnic  tetnpflraturoa,  tnU 
norlty  or  reverse  current  la  very  atnall,  so 
that  a  reverse  blaaed  diode  Is  said  to  be 
biased  In  the  hlKh  rflslstance  direction. 


21.  Onco  avalanche  breakdown  occurs,  a 
small  changfl  In  voltage  causes  a  compara- 
tively large  change  In  current.  This  charac^ 
terlstlc  Is  made  use  of  In  voltage  regulation. 


17.  If  the  value  of  reverse  bla4  voltage  Is 
Increased,  a  point  will  be  reached  at  which 
there  Is  a  sharp  increase  In  reverse  current. 
This  Is  called  AVALANCHE  BREAKDOWN. 

H>.  iCvalanche  breakdown  occurs  when  mi- 
nority electrons  gain  enough  energy  to  free 
valence  electrons  by  collision. 

19.  The  voltage  at  which  avalanche  break- 
down occurs  Is  called  the  BREAKDOWN 
VOLTAGE. 

20.  A  Zener  (reference)  diode  Isconatructed 
go  that  the  breakdown  voltage  can  be 
exceeded  without  damaging  the  diode. 


22.  in  a  typical  voltage  regulator  circuit,  if 
the  output  voltage  Increa^eg,  the  current 
through  the  Zener  diode  Increases  sharply. 
This  Increases  the  voltage  drop  across  a 
aeries  resistor,  thereby  decreasing  the  out- 
put voltage  to  Its  normal  value.  The  reverse 
action  occurs  when  the  output  voltage  de* 
Creases. 


OUTPUT 
FROM 
POWER 
SUPPLY 


ftEGULATED 

Output 

V0L7AGE 
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V.  TRANSISTOR  FLTNOAMENTALS 


III  thr*  prercdluK  s^jctlon,  thtj  operation  ol  aemlcondxictor  cIUkJcs  was  oxpUliiod,  Now, 
another  clement  tit  added  to  the  diode  to  form  a  trannltitor.  It  Is  ±ihown  how  P  and  N 
materials  are  combined  in  forming  PNP  and  NPNtratiffistors,  and  how  the  achematlc 
symboLa  represent  theiti.  Finally,  itn*  baaic  operation  of  PNP  and  NPN  triinaiatora  is 
analyzed,  with  reference  to  bianiii^,  current  flow,  gain,  and  the  effects  of  an  Input 
signal. 


TRANSISTOR  CLASSIFICATIONS 


1'    The  two  most  common  transistors  are  the  PNP  and  NPN  types.  There  are  other  clas- 
sllicatlonSf  3uch  as  PNPN  and  NPNP,  but  the  three -element  (  )  and  (  ) 

are  used  most  often. 

//////////////////// 
PNP  NPN 

2. a.  A   PNP  transistor  consists  of  an  extremely  thin  strip  of  N'type  material  between  two 
relatively  wide  strips  ol  {  )-type  material. 

//////////////////// 


2.b-  An  NPN  transistor  consists  ot  .  .  .  . 

//////////////////// 
a  thin  strip  ol  P-type  material  between  two  wider  N-type  sections. 


A  low  resistance  contact  is 
attached  to  each  (  )  of  the 

transistor  for  circuit  connections. 


1  (N) 

IP) 

(N)  1 

I  ' 

N 

^  f 

\ 


'  LOW-R£SlSTANC£  CONTACTS- 

//////////////////// 
section,  strip,  element 


4.    The  sections  of  NPN  and  PNP  transistors  are  Joined  so  that  the  two  similar  sections  are 
(adjacent/  separated). 


//////////////////// 

Separ  ated 
(Continued  on  next  page) 
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Keep  In  mind  an  Import^Ant  point  that  was  mentioned  the  previous  section;  ]unc. 
tiona  are  not  phyalcally  "Joined"  or  "butted"  together. 

It  is  convenient  to  speak  of  a  PN  junction  as  being  ''joined''  together,  but  diode  or 
transistor  junctions  can  be  formed  only  by  a  chemical  process. 


5,  a.  The  three  basic  elements  of  transistors  are  known  as:  (1)  emitter,  (2)  baae*  and  (3)  col- 

lector. The  base  is  the  conter  element;  It  Is  always  a  (  )  strip  of  material, 

//////////////////// 
thin 

6,  b.  The  element  that  sends  the  current  carriers  Into  the  base  Is  called  the  (  ), 

//////////////////// 

emitter 

&,c.  The  element  that  ultimately  collects  the  current  carriers  Is  known  as  the  (  ), 

//////////////////// 

collector 

6>    The  base  la  always  between  the  (  )  and  (  )  elements, 

//////////////////// 


emitter 


collector 


'7*  This  l9  the  circuit  symbol  for  a 
transistor.  The  element  Indicated 
by  an  arrow  Is  the  (  ), 


EMITTER 


COLLECTOR 


BASE 


//////////////////// 
emitter 


6,    Label  the  three  elements  of  a 
transistor  > 


/////////////////// 

EMITTER  . — ^COLLECTOR 


BASE 


9.    TtM  direction  of  Uw  emitter  arrow  on  the  circuit  symbol  Indicates  whether  the  transistor 
Is  a  PNP  or  NPN  type. 

PNP  NPN 


The  arrow  always  points  towards  the  (  )-type  material. 

//////////////////// 
N 

10.  Draw  a  circuit  symbol  for  an  NPN  transistor. 

//////////////////// 


11.  Draw  a  cijr(nilt  symbol  for  a  PNP  transistor* 


//////////////////// 


12.  Transistors  are  made  so  that  tbe  (  )  and  ( 

of  material* 

iiiiiiiiiiiiiiiiiiii 

emitter  collector 


)  elements  use  tbe  same  type 


)-type  material. 


13*a*  If  the  emitter  Is  P*type  material,  tbe  collector  must  be  ( 

//////////////////// 
P 

13. b.  If  the  emitter  is  N^type  material,  tbe  (  )  must  be  P^type  material. 

//////////////////// 
base 
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L3>c.  In  the  transistor  repreflentod  by 
tha  circuit  symbol,  what  materiaL 
iB  used  in  the  baso? 


iiiiiiiiiiiimiiiii 

N 


14.  Draw  two  transistor  circuit  symbols:  cme  for  the  NPN  type,  and  one  for  the  PNP  type. 
Give  the  name  of  each  element  and  label  each  element  with  the  type  of  material  it  uses. 

//////////////////// 


PNP 

EMITTER  ^ — ^COLLECTOR 


NPN 

EMITTER  COLLECTOR 


N 


NPN  OPERATION 


15.  For  the  transistor  to  work  2S  an  ampllller,  it  must  be  connected  so  that  It  has  an  Input 
circuit  and  an  output  circuit.  The  amount  of  current  In  the  input  circuit  should  control 
the  amount  of  current  In  the  (  ). 


iiiinniiiiiiiiiiii 

output  circ^lit 


16>a*  In  a  transistor,  the  emitter  and 
base  form  one  )uncticmr  the 
base  and  (  )  form  another 

Junction. 


EMITTER 


BASE 


COLLECTOR 


nninnnnnnni 

collector 


le.b.  The  ( 


)  would  then  be  common  to  both  the  emitter  and  collector. 

mummmmm 

base 
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17*  U  the  ttmitter-ba«e  section  wore  cormected  u  the  input  circuit,  tbe  {  )  jMctlon 

would  form  the  output  circuit. 


//////////////////// 
baae- collector 


i6«a«  The  amount  of  current  that  flows  in  the  base^coUector  section  should  be  controlled  by 
the  sunount  of  current  that  flows  in  the  (  )* 


//////////////////// 
eroitter^base  section 


I6«b,  Then,  if  2  circuit  is  set  up  so  that  2  signal  voltage  will  change  the  emltter^base  cur- 
rent, the  (  )  current  would  also  change, 

//////////////////// 
base -collector 


i9< 


U  the  base-collector  Junctl^Dn  were 
forward  biased^  it  wouli  conduct 
current  in  the  low  resistance  di* 
rectlon.  The  amount  ot  current  that 
would  flow  would  depend  mostly  on 
the  collector  bias  battery. 

To  make  the  base -collector  current 
relatively  independent  of  collector 
bias,  the  base -collector  Junction 
should  t>e  {  ). 


FORWARO 
CURRENT 


vOlts 


REVERSE 

f  ORWWO  ■ 

VOLT$ 


REVERSE 
CURRENT 


//////////////////// 


reverse  biased 


20*  The  emitter-base  current  should  not  be  independent  of  bias  voltage  since  It  must  be 
varied  by  a  signal  voltage.  The  emitter-base  Junction,  then,  should  be  (  ). 


//////////////////// 
forward  biased 


2L  The  base^ collector  Junction  is  ( 
(  )  biased. 


)  biased,  and  the  emitter-base  Junction  is 


//////////////////// 
reverse  forward 
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22. A.  In  M  NPN  trannistor.  In  ordor  to 
blu  the  emitter -b;iae  Junction  in 
the  forward  direction,  the  tree 
elections  in  the  emitter  and  the 
hoiea  tn  the  b^se  ahouid  be  torced 
toward  the  Junction, 

The  emitter  should  be  connected 
to  the  (  ^  b^ittery  terminal. 


EMJTTER    BftSE  COLLECTOR 


//////////////////// 


22.b.  The  b^iiie  should  be  connected  to  the  (  }  b^ittery  terminal. 

//////////////////// 
positive 


23. In  an  NPN  iransiatorr  In  order  to 
bias  the  base^coUector  Junctionin 
the  reverse  tUrectionr  the  tree 
electrons  in  tt^e  collector  and  the 
holes  in  the  base  must  be  torced 
(  )  the  Junction. 


EMITTER    9ASE  COLLECTOR 


//////////////////// 
away  trom 


23.b.  The  collector  is  connected  to  the  ( 


)  battery  terminal. 


//////////////////// 
positive 


23,c.  The  base  Is  connected  to  the  ( 


}  battery  terminal. 


//////////////////// 
negative 
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24.  ahow  how  the  blu  b^tterUn  ahould 

bfl  CDiuMCtod  to  this  trsuifllator. 

M 

M 

lllllllillllllllllll 


H 

P 

N 

— ll — 

— ^Iil  

25.  Since  tlie  emitter-base  Junction  is 
forward  biased,  the  battery  needed 
in  that  circuit  can  be  i  ) 
than  the  one  used  with  the  base- 
coiiector  to  get  th«  needed  current 
flow. 


N 

P 

— ^1 — . 

■ — ilil  

lllllllillllllllllll 


Smaller 


26. a.  The  emitter  and  base  are  forward 
biased.  If  the  emitter  and  base 
tiad  the  same  amount  of  current 
carriers,  the  free  electrons  from 
the  emitter  would  cross  the  June- 
Uon  and  au  i  )  in  the 

base. 


tMnrtfi     BASE  COLLECTOR 
N  P  N 


+  + 
+  + 


H|lh 


mummmmm 

holes 


26.b.  For  «ach  combination  tbat  would  occuti  an  electron  would  cit«r  the  (  )  uift 

leave  the  (  ). 

lllllllillllllllllll 
emitter  base 
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2i\A:,  Till;*  Wijuld  pnidurr  4^tiilttcr-l>aFi<*  (  )  flow. 

//////////////////// 
current 

2tiA\.  However^  in  the  transistor^  tUe  basf*  is  doped  Less  than  the  emitter  and  is  much  thlnnor 
th;ui  thi'  emitter.  Ther«fore,  there  are  fewer  (  )  In  the  base  thjn  there  are 

(  )  In  the  emitter. 

//////////////////// 
holes  free  electrons 

26. e.   A3  a  result,  MOST  oi  the  (ree  electronsthat  cross  the  Junction  (  )  combine  with 

//////////////////// 
cannot»  do  not 

26.  f.  The  free  electrons  from  the  emitter  become  (majority/minority)  carriers  In  the  base 
region. 

//////////////////// 
minority 

26.g.  As  these  minority  electrons  diffuse  through  the  base,  they  will  be  (attracted  Into/ 
repelled  away  from)  the  collector  region  by  the  influence  of  the  collector  battery. 

//////////////////// 
attracted  into 

26. h.  In  the  section  on  PN  Junction  diodes.  It  was  shown  that  under  reverse  bias  conditions, 
current  is  carried  by  (  )  carriers  and  Is  very  (  ). 

//////////////////// 
minority  very  low^  small 

26.  i.  But.  in  the  case  of  a  transistor,  the  emitter  acts  as  a  continuous  source  o£  (  ) 
carriers  for  the  collector  junction. 

//////////////////// 

 minority  
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26. ).  Therefore*  even  though  the  collector  Junction  u  reverie  blaied,  a  relatively  { 
current  flowi. 


//////////////////// 
large,  high 


27 .  a.  To   0  u  m  up,   the  eir  \*.e  r  *baae 
diode  Ifl  (  )  blamed. 


Emitter   base  caiECTOR 

N  P  N 


+  + 
+  + 
+  + 


J 


llllllllllllllllllll 


forward 


27.b.  Many  free  electrons  cross  the  Junction  from  the  { 

//////////////////// 


)  to  the  ( 


emitter 


base 


27. c.  Since  the  base  has  relatively  few  ( 
a  few  electrons  flow  out  of  the  ( 


)  to  combine  with  the  emitter  electrons,  only 
)  to  the  battery. 


//////////////////// 
holes  base 


27. d.  The  base*coUector  Is  ( 


)  biased. 

//////////////////// 


reverse 


27.e.  The  electron  current  flowing  out  of  the  collector  to  the  battery  would  usually  be  lim- 
ited by  the  few  free  electrons  the  base  would  normally  have.  Butt  many  (  } 
from  the  (  )  have  accumulated  there. 


llllllllllllllllllll 


free  electrons 


emitter 


27.  f.  The  (  )  in  the  base  cross  the  Junction  into  the  ( 

current  to  flow. 

llllllllllllllllllll 

  Iree  electroas  collector 


)  to  allow  collector 
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Most  of  tht*  olrt  trotLS  that  pii^i.s  tKruii|?.U  tli#^  t  fjU***  tor  OKKilNALLY  (oine  fri>m  tli<? 
(  ). 

////f  /////////////// 
It  U*r 


TherrforL\   tin*  uiuount  uf  coUertor  airr*.nt  tluit  Hows  dirponUs  on  the  ^unount  ol 

{ 

//////////////////// 
emitter  i^urredt 


2<J. 


OrUin^irity.  with  n  dloUt?  biased  In  the  reverse  direction,  tht?  reverse  current  Is  sm^iU 
because*  of  the  (  )  amount  of  minority  carrier*j. 

//////////////////// 
low*  ^mall 


In  an  NPN  transistor,  tree  electrons  In  the  base  are  ( 

//////////////////// 
minority 


)  carriers* 


29. c.  Irtiring  operation,  most  free  electrons  in  the  base  are  supplied  by  the  emitter  biased 
in  the  {  )  directica;  these  (  )  carriers^  then,  become  plentiful  in  the 

/////,////////////// 
forward  minority  base 


29.d.  As  a  result,  collector  current.  Is  relatively  (  ). 

//////////////////// 
high 


29  e.  Since  the  collector  bias  is  larger  than  the  emitter  bias,  the  collector  demands  more 
current  than  the  (  )  can  supply* 

//////////////////// 
emitter 


29.  f.  Emitter  current*  then*  controls  (  )  current. 

//////////////////// 

collector 


74 


J 


'J -J 


ao.a.  If  Um  emltter-basa  bias  battery 
im  variable,  and  the  bUa  voltage 
im  iQcrtaMd,  emitter  current 
would  (  ), 


P 

1 

■ — M — 

//////////////////// 

Increaae 


30.b.  Am  a  result*  collector  current  would  {  ). 

//////////////////// 

Increase 

ai,  U  the  emitter-base  bias  voltage  Is  decreaae<t  both  (  )  and  (  )  current 

wuW  go  down* 

//////////////////// 
emitter  collector 


32«a«  To  make  the  NPN  transistor  work  as  an  ampUiler,  a  signal  Input  Is  added  In  the 
emitter  circuit,  and  an  output  load  resistor  Is  added  In  the  collector  circuit* 

EMTTEfi     BftS£  COLLECTOR 


The  Input  signal  voltage  either  aids  or  opposes  the  emitter  battery  voltage.  This  varies 
the  (  )  bias. 

//////////////////// 
emitter 


32*b*  When  the  emitter  Was  varies,  the  emitter  {  )  varies* 

//////////////////// 
cur  re  at 
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32. Wht'n  th«  emitter  current  varloa,  tl»«  (  )  varies. 

nnninnnninn 

coLLtictor  current 
32. tL  The  vuryliig  collector  current  produces  u  vurylng  ( 

nninnnninnn 

voltage 


)  drop  ucross  toad  resistor 


32, e.  Although  the  emitter  and  collector  current  variations  are  almost  the  same,  there  is  a 
relatively  large  size  loud  resistor  in  the  output  circuit.  Therefore,  the  output  voltage 
variations  are  {  )  than  the  signal  voltage  variations. 


//////////////////// 
larger,  greater 


33.  Since  the  output  voltage  variations  are  greater  than  the  input  voltage  variations,  the 
transistor  provides  a  (  )  gain. 


//////////////////// 
voltage 


34, a. 


Signal  o- 

INPUT  p  + 


R,  SIGNAL 
^  OUTPUT 
+ 


When  the  signal  input  goes  NEGATIVE,  it  (aids/ opposes)  the  bias  battery. 

nninnnninnn 

aids 


34.b.  When  the  signal  adds  the  bias  battery,  emitter  and  collector  currents  go  (  }. 

iiiiniiiiiiiiiiiii! 

.  ye  
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34. c.  The  lncreu«e<l  coUector-^current  cuuuea  a  Kreutor  voltuK^  drop  acrojua  ( 

ininnnninnin 

Loud  resistor  HL 


34.(1.  The  output,  tlicm  goe.**  more  (  ). 

ininnnnininn 

negative 


34. e.  Since  the  input  and  output  signal  both  went  more  negative,  there  (Ls/ia  no)  phase  rever- 
sal in  this  circuit. 

//////////////////// 
is  no 

34.  f.  The  output  phase  is  (the  same  as/ different  from)  the  input  phase. 

//////////////////// 
the  same  as 


35. a.  The  current  from  the  emitter 
follows  two  paths:  down  through 
the  base,  and  through  the  (  ). 


N 


r 

($) 


llllllllllllllllllll 
collector 


35.b.  Only  about  2  percent  of  the  emitter  Current  goes  down  through  the  { 

unnnnnnnun 

base 


35. c.  About  ( 


)  percent  of  the  emitter  current  goes  through  the  collector. 

innnnnnnniu 

9d 


35, d.  The  perceutago  of  omltter  olectrona  that  flows  throuKh  the  oxternal  baae  circuit  ta 
(  )  porcont. 

Illlllllllllllllllll 
2 


35.e.  The  emitter  current  represents  (  )  percent  of  the  current. 

IIIIIIIIIIIIIIIIUII 

100 


35.  (.  The  collector  current  Ifl  about  (  )  percent  of  the  emitter  current. 

//////////////////// 
98 

36.  a.  The  emitter  current  Is  the  Input  current  of  the  circuity  and  the  collector  current  Is  the 

(  )  current. 

//////////////////// 
output 

^  •     M  ....  1  *  J         output  current 

36.b.  The  current  gaan  of  the  transistor  circuit  is  computed  with;  — 

input  current 

What  is  a  typical  current  gain  for  this  type  of  transistor  circuit? 

//////////////////// 
.08 

36.C.  There  is  also  a  resistance  sain  because  the  resistance  of  the  emitter-base  Junction  is 
much  lower  than  the  resistance  of  the  (  )  Junction. 

//////////////////// 

collector -base 


,   output  resistance     ,  .  . 

36.d.  - —  —          =  (  )  gain. 

input  resistance 


//////////////////// 
resistance 
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36.e.  Uttlng  Ohm's  liw,  ctixrent  gain  x  resUtance  gain  -  (  )  gain. 

//////////////////// 
voltage 

37*  Given:  (a)  Emltt«r-to-bu«  resUUnce  of  LOO  ohma* 

(b)  CoU«ctor-to-ba«  r«3UUnc«  of  10»000  ohma* 

(c)  Assume     percent  of  the  current  Leaving  the  emitter  reachon  tlio  coLLector. 


Find  voLtage  gain* 


//////////////////// 
10,000 

resistance  gain  -  ^  100 

current  gain  •  M 

voltage  gain  «  100  x  .98  ^  98 


38*  Power  gs^n  can  s^so  be  found  by  multiplying  the  voltage  gain  by  the  (  )  gain. 

//////////////////// 
current 


39.  Given:  (a)  Current  gain  ■  .98 
(b)  Voltage  gain  ^  98 


Find  pover  gain. 


//////////////////// 
power  gain  ?  98  x  .98  =  96 


PNP  OPERATION 


40.  The  PNP  transistor  works  essentially  the  same  as  the  NPN  transistor.  Howeverp  since 
the  emitter,  base,  and  collector  In  the  PNP  transistor  made  of  materials  that  arc 
different  from  those  used  in  the  NPN  transistor^  different  current  carriers  How  In  the 
PNP  unit.  In  any  event*  the  amount  of  current  that  flows  in  the  base-collector  section  of 
a  PNP  transistor  should  Also  be  controlled  by  the  amount  of  current  that  flows  in  the 
(  ). 

//////////////////// 
  emltter'baM  aection 
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4K  As  with  th47  NPN  tranaiator^  the  cotlector-baae  junction  of  the  PNP  transistor  Is  biased 
so  that  the  output  current  Is  relatively  Independent  of  collector -base  voltage.  This  means 
that  the  collector -base  Junction  Is  (  )  biased. 


//////////////////// 
reverse 


42.  The  emitter-base  Junction  of  a  PNP  transistor  Is  biased  so  that  Input  current  Is  easily 
varied.  In  other  words,  the  emitter-base  Junction  Is  (  }  biased. 

//////////////////// 
forward 


43. a.  In  a  PNP  translstOPf  to  forward 
bias  the  emitter-base  Junction* 
the  boles  In  the  emitter  and  tbe 
free  electron  In  the  base  should 
be  forced  toward  the  (  }. 


+  +  + 
+  +  +  + 
+  +  +  +  + 


+  +  +  +  + 
+  +  +  +  + 
+  +  +  +  + 


Emitter   Base  collector 


//////////////////// 
Junction 


43. b.  The  negative  battery  terminal  should  be  connected  to  the  (  ). 

//////////////////// 
base 

43.  c.  The  positive  battery  terminal  should  be  connected  to  the  (  ). 

//////////////////// 
emitter 

44.  a.  To  reverse  bias  the  coUector-base  Junction,  the  holes  In  the  collector  and  the  free 

electrons  in  the  base  should  be  moved  (toward away  from)  the  Junction. 

//////////////////// 
away  from 

44i^b.  The  collector  Is  connected  to  the  (  )  battery  terminal. 

//////////////////// 

 negative  
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44.C.  The  ba«e  la  connected  to  the  (  )  battery  terminal. 

Illlllllllllllllllll 
poaltivo 


45.  Draw  a  properly  bUaed  PNP  tranalator. 


Illlllllllllllllllll 
EMITTER  BASE  COLLEaOft 


p 

N 

P 

— Il — 1 

 ^lll  

EMITTER     BASE  COLLECTOR 


+  +  +  +  + 
+  +  +  +  + 


+  +  +  +  + 
+  +  +  +  + 
+  +  +  +  + 


The  operation  of  a  PNP  translator  is  very  similar  to  that  of  an  NPN  transistor.  Since 
the  emltter'baae  Junction  Is  fbrward  biased^  emitter  holes  and  free  base  electrons 
(combine/ separate)  at  the  Junction. 

Illlllllllllllllllll 
combine 


46>b.  When  a  combination  takes  place,  an  electron  enters  the  ( 
(  )• 

Illlllllllllllllllll 
base  emitter 

46-c.  This  produces  emitter-base  (majority/ minority)  current  flow. 

Illlllllllllllllllll 
majority 


)  and  leaves  the 
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46*d.  The  baSf}  is  not  iiB  thick  and  an  heavily  dc>i>€d  as  the  emitUr*  Therefore,  there  are 
fewer  (  ]  In  the  base  than  there  are  {  )  tn  the  emitter* 

//////////////////// 

free  electrons  holes 


46.e.  As  a  result,  most  of  the  holes  at  the  Junction  (  )  combine  with  free  electrons 

from  the  base. 

//////////////////// 

do  not 

46.  f^  However,  the  holes  at  the  Junction  attract  valence  electrons  from  the  (  ). 

//////////////////// 
bade 


46*g*  When  a  valence  electron  from  the  base  Is  freed  and  combines  with  a  bole  from  the 
emitter,  a  {  )  Is  pro<hiced  in  the  base* 

//////////////////// 
hole 

46*h*  Thus,  holes  are  effectively  transmitted  to  the  base  froouthe  (  )* 

//////////////////// 
emitter 

46*  1*  As  a  result,  the  number  of  MINORITY  carriers  In  the  base  la  Increased*  This  :illow3 
more  valence  electrons  from  the  collector  to  cross  the  base -collector  Junction  to  fill 
boles  in  the  base  and,  therefore,  a  (higher/lower)  collector  current  can  flow* 

//////////////////// 
tLlgber 

47*a*  To  sum  up,  the  emitter-base  Junction  Is  {  )  biased* 

iiiiiiihiiiniiini 

forward 

47*b*  Tbe  base.coUector  Junction  is  (  )  biased* 

UNiniiiiiiiiniii 

reverse 
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47, r.  Cc>lli?€tor-'b;i«e  current  la  UtnUod  by  the  tew  (  )  In  th«  base. 

//////////////////// 


47. t!.  However^  the  forward  current  oi  the  etnlttor-baao  aectioa  causes  extra  (  )  to 

bo  produced  In  the  base. 

//////////////////// 
holes 


47. e.  This  allows  a  higher  (  )  current  to  flow. 

//////////////////// 
collector 


4d.a.  Most  of  the  electrons  that  flow  through  the  collector  combine  with  holes  in  the  base  that 
originally  were  supplied  by  the  (  ). 


//////////////////// 
emitter 


46.b.  Therefore,  the  amount  of  collector  current  that  flows  dependa  on  the  amount  of  {  ), 

iiiiiiiiiUiiiiiiiii 

emitter  current 


4d.a.  Normally,  a  reverse  biased  diode  produces  Uttle  reverse  current  because  of  relatively 
few  (  )  carriers. 

//////////////////// 
minority 

4&.b.  In  a  PNP  transistor*  minority  carriers  in  the  base  are  (  ). 

//////////////////// 
holes 

4d.c.  Holes  become  plentiful  In  the  base  because  tbey  are  effectively  transmitted  from  the 
(  )■ 

//////////////////// 
emitter 


S3 


49.cl>  Ah  a  rp5uU,  collector  currf^nt  In  retiiitivALy  high,  ivvon  thouich  it  in  ( 


)  current. 


//////////////////// 


reverse 


49,0,  B(*(*avi£i(]  the  ooLtoctor  bia^  iH  Urger  ttum  tlte  emitter  bUs,  the  collector  demands  more 
rurrertt  than  the  (  )  can  supply. 

//////////////////// 
emitter 


49*     Thor*?(orp*  emitter  current  controls  (  )  current. 

//////////////////// 
collector 


50. a.  As  with  the  NPN  transistor,  the 
PNP  transistor  can  be  used  as 
an  amplifier  by  adding  a  signal 
input  In  the  (  )  circuit, 

and  a  load  resistor  In  the{  ). 


Emitter  base  collector 


//////////////////// 


Ri_?  Output 


emitter 


collector 


50, b.  The  input  signal  varies  the  emitter  bias,  thus  varying  the  emitter  (  }. 

//////////////////// 

current 


)  voltage. 


50. c.  This  varies  the  collector  current  and  produces  a  varying  ( 

//////////////////// 

output 

SO.d.  The  output  voltage  variations  are  greater  than  the  Input  voltage  variations  because  of 
che  relatively  large  (  ). 

//////////////////// 
load  resistor 
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^l.a.  A  poaltive^Kotng  Input  nlfcnal  aldn 
th*  forward  bias,  (Incroaalnic/ 
d«)cr«aJlnfc)  the  emitter  and  col^ 
lector  currants. 


SIGNAL 


L 


OUTPUT 
SIGNAL 


//////////////////// 
increasing 


51. b.  The  Increased  collector  current  causes  a  greater  volUge  drop  across  RL,  making  the 
output  signal  more  (  ). 

//////////////////// 

positive 

5Lc.  Since  the  Input  ajid  output  signals  go  positive  simultaneously*  they  are  (in/ out  of)  phase. 

//////////////////// 
In 


52. a.  Total  current  flows  through  the 
(  )■ 


N 


© 


//////////////////// 
emitter 


52.b.  About  2  percent  of  the  toUl  current  flows  through  the  base;  therefore,  about  98  percent 
of  the  total  current  flows  through  the  (  )^ 


//////////////////// 
collector 


52. c.  The  emitter  current  Is  the  (Input/ output)  current  of  the  circuit  and  the  collector  cur- 
rent is  the  (  )  current. 


//////////////////// 
Input  output 


85 


52.d.  Currnnt  ffatln  *  (  )  current  divided  by  (  )  current. 

luiuuunitiiiiu 

output  Input 


52. If  about  96  percent  kA  the  emitter  current  flows  through  the  collector,  the  current  (fain 
la  about  {  ). 

unnnnnnnun 

.98 


53. a.  The  Input  resistance  Is  (higher/lower)  than  the  output  resistance. 

iinnnnnnnnu 

lower 


^    output  resistance    ^  . 
Input  resistance 


)  gain, 

unnnnnunnn 

resistance 


54. a.  Voltage  gain  =  ( 


)  gain  X  (  )  gain. 

Ninnnnnmini 

current  resistance 


54,b,  Voltage  gain  can  also  be  expressed  as: 


Voltage  gain 


)  voltage 


)  voltage 


unnnnnnnun 

output  input 


55.  Power  gain  =  t 
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)  gain  X  {  )  gain, 

luuununuuui 

voltage  current 


V 


\ 


50. a.  GLvf^n:  L  Emitter -bado  resistance  «  200  otuns.  ^ 

2,  CoUoctor.baso  reslstanco  ^  0*000  ohms* 

3,  Assumo  Q7  percent  of  the  toUl  currtint  flows  tUrough  thti  coUoctun 


Fhift  voltage  Kaln. 


//////////////////// 

resistance  Kaln  -  -^gg-  ^  45 
97 

current  gain  =         =  ,97 


voltage  gain  =  .97  x  45  -  43.65 


56*b.  rind  power  gain. 


//////////////////// 
powr  gain  ^  43.65  x  .97  =  42*34 


REVIEW 


57.  In  the  transistor  ampUtier  circuits 
you  have  been  studying  up  to  now* 
the  base  of  the  transistor  is  used  In 
both  the  emitter  and  collector  cir- 
cuits. The  circuits  are  therefore 
called  common  (  )  circuits* 


//////////////////// 
base 


The  common  base  circuit  is  seldomusedln  Polaris  equipments.  However*  it  is  being 
taught  in  this  course  because  you  must  learn  how  the  common  base  circuit  works 
before  the  other  types  of  circuits  can  be  understood. 


87 


l6n 


56a<  DoOH  the  common  b^ise  iLmiiUflar  actu^illy  provldi^  iL  currant  gstlnV 

//////////////////// 

No.  The  La  about  <Q6>  Tha  output  current  chan^ea  are  aU^htly  leas  than  the  input 
current  changes.  But,  Lt  Is  atiU  common  practice  to  refer  to  this  ao  current  GAIN. 


56<b<  Does  It  provide  voltage  i^aln? 

//////////////////// 

Yea,  beciiune  although  there  Is  a  slight  current  loss,  the  large  load  resistor  pernili* 
a  greater  output  voltage  variation.      *  IH) 

56>c<  Does  it  provide  pover  gain? 

////////////;/////// 

Yea,  because  the  voltage  gain  Is  much  greater  than  the  slight  current  loss<  (P  >  GI) 

59.  In  the  common-base  transistor  circuit,  what  kind  of  t^laa  in  used  for  the  emltter-basa 
Input  clrciilt? 

//////////////////// 

forward  blaa 

60.  What  kind  of  bias  la  used  for  the  base- collector  output  circuit? 

//////////////////// 
reverse  bias 


61<  When  the  input  signal  varies*  bow  does  it  aflect  the  emitter-base  bias? 

//////////////////// 

It  varies  the  bias;  or,  aids  or  opposes  It* 
62.  What  does  this  bias  variation  do  to  tha  emitter  current? 

//////////////////// 
It  varies  the  emitter  current. 
63>  Bow  does  this  affect  the  collector  current? 

//////////////////// 
The  collector  current  changes  in  almost  the  same  way. 


66 


ERJC 


er|c 


64,  How  dMi  thla  chAnglng  collector  current  produce  ui  i^c  output  voltifco? 

NNUNNNNNNn 

It  cauA€»  a  varying  voltage  drop  across  the  output  load  resistor  in  the  collector  rircult, 

65.  How  Is  voltage  gain  computed? 

//////////////////// 

output  voltaira  , 

Input  voltage  '  °''  resistance  gain 

SS<  How  1«  currant  gain  computed? 

//////////////////// 

output  (collector  current) 
Input  (emitter)  current 


67.  How  la  power  gain  computed? 

//////////////////// 
current  gain  x  voltage  gain 


68.  How  much  of  the  emitter  current  flows  out  of  the  base? 

//  iiniiiiNiiiihi 

about  2  percent 


S9.  What  la  th«  circuit  you  have  been  studying  called? 

//////////////////// 
common  base 


70.  Why  Is  it  called  the  common  base  circuit? 

//////////////////// 

Because  the  base  is  common  to  both  the  input  (emitter)  and  the  output  (collector)  cir- 
cuits. 
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7L  Wtiy  do  moat  of  thfl  free  «l«ctron»  that  go  {rom  the  emitter  to  the  baaa  continue  to  the 
collector? 


nniiimnnmm 

Because  the  base  U  doped  les»  and  in  thin.  It  doed  not  have  enough  holes  to  combine 
with  the  electrons;  and  so  the  attraction  of  the  collector  blad  draw»  them  to  the  col- 
lector circuit. 


72,  Does  the  common-base  transistor  circuit  cause  any  dlgnal  phase  reversal? 

mnnmniimni 

No 

73,  In  a  Junction  transistor,  which  section  Is  thinnest? 

nniiiimnmnn 

base 


90 


SUMMARY 


A  PNP  tranatator  ronslata  o£  aii  ex- 
tremely thin  strip  of  N-typtf  material 
between  two  reUUvoly  wide  secUons  of 
P-type  tnaterlaL 

All  NPN  transistor  consists  of  an  ex- 
tremely thin  strip  of  P-type  material 
between  two  relaUvely  wide  eecUons  of 
N-type  material. 

The  three  elements  o£  a  transistor  are; 
(U  emitter;  U)  base;  (3)  collector.  The 
base  Is  always  the  thin  strip  of  ma- 
terial between  the  relatively  wide 
emitter  and  collector  aecUons,  The  base 
is  also  doped  less  than  the  other 
secUons,  and  so  the  base  has  less 
carriers. 


In  the  schemaUc  symbols  for  transis- 
tors, the  arrow  points  towards  the 
N-type  material. 

PNP 

EMITTER  ^ — ^COLLECTOR 


(P- MATE  RIAL) 


(PMATERlAL) 


BASE 
(N-MATERUL) 

PNP  Symbol 


MPN 

EMITTER  ^ — ^  COLLECTOR 


(NMATERIAl) 


(NMATERIAL) 


BASE 
(P  MATERIAL) 

NPN  Symbol 


In  u  transistor  amplifier,  the  current 
in  the  Input  circuit  controls  the  current 
In  the  output  circuit. 

The  Input  circuit  of  the  common  base 
amplifier  Is  the  emltter-to-base  secuon; 
the  output  circuit  is  the  coUector-to- 
base  section. 

Since  the  emitter-base  Is  forward 
biased,  Input  current  depends  on  the 
emitter-base  voltage.  Since  the  col- 
lector-base is  reverse  biased,  output 
current  Is  relaUvely  Independent  of  the 
collector -base  voltage. 

FORWARO 

CURRENT 


VOLTS 


VOlTS 


FORWARD 


REVERSE 
CURRENT 

In  an  NPN  transistor,  the  emitter-base 
JuncUon  is  forward  biased  by  connect* 
Ing  the  negative  battery  terminal  to  the 
emitter  and  the  poslUve  battery  ter- 
minal to  the  base.  The  collector -base 
junction  Is  reverse  biased  by  connecting 
the  positive  battery  terminal  to  the  col- 
lector and  the  negaUve  battery  terminal 
to  the  base. 


Em  MiP 
N 


eaSE  COLLECTOR 
P  N 


J 


Because  the  emitter-base  is  forward 
biased,  free  electrons  from  the  emitter 
cross  the  JuncUon  to  fill  holes  in  the 
base. 


10.  Fur  each  comblaatloa,  ;ui  iilectrou  from 
the  battery  outers  the  emitter  j^ui  one 
Leaves  the  baso  to  i;o  to  tho  battery. 
This  produces  emitter -biise  majority 
current  flow* 

11.  Because  the  base  Is  doped  LesB  uad  Is 
tiuich  thinner  than  the  emitter,  there 
are  ft^wor  holes  In  the  base  than  the rf? 
are  free  eLectr<Hui  \a  tho  rttiLttur* 
Therefore,  most  of  the  emitter  free 
electrons  do  aot  combine  with  base 
holes. 

12.  The  free  electrons  that  do  not  combine 
with  base  holes  cross  the  Junction  Into 
the  collector.  For  each  electron  that 
cross  the  collector -base  Junction  from 
the  bade*  an  electron  leaves  the  col- 
lector to  go  to  the  battery. 

13.  Since  the  electrons  that  flow  through 
the  collector  come  from  the  emitter, 
the  amount  of  collector  current  that 
flows  depends  on  the  amount  of  emitter 
current. 


17.  The  relatively  hli;h  Value  of  the  iomi 
resistor  produces  un  output  Voltai^f 
varUtlon  that  Is  considerably  ((rratcr 
thun  the  sli;nal  Input  voltuKt?. 

IB.  When  a  PNP  transistor  Is  used*  the 
<>iiiitter-base  Is  forward  biased  by  con- 
necting the  positive  battery  terminal  to 
the  emitter  and  the  negative  battery 
terminal  to  the  base.  The  collector- 
base  is  reverse  biased  by  connecting 
the  negative  battery  terminal  to  the  col- 
lector and  the  positive  battery  terminal 
to  the  base. 


EMITTER     BASE  CaiECTOft 
PNP 


1  +  +  +  + 
+  +  +  +  + 

4-4-4- 
4-4-4- 
4-4-4- 
4-4-4- 

 \^ 

 ^Ill  

10.  The  emitter-base  JuncUon  is  forward 
biased;  free  base  electrons  cross  the 
junction  to  fill  emitter  holes. 


14.  To  make  a  transistor  work  as  an  ampll- 
flert  a  signal  input  is  added  in  the 
emitter  circuit  And  an  output  load  resis- 
tor is  addeci  in  the  collector  circuit. 


20.  For  each  combination*  An  electron  from 
the  battery  enters  the  base  and  one 
leaves  the  emitter  to  go  to  the  battery. 
This  allows  niajority  current  to  flow. 


INPUT 


EMITTER     BASE  COLLECTOR 


OUTPUT 


15.  The   input  signal  varies  the  forward 
blast  thus  Varying  the  emitter  current. 


21.  Since  there  are  fewer  free  electrons  in 
the  base  than  holes  in  the  emitter*  most 
of  the  holes  in  the  emitter  cannot  com- 
bine with  the  free  electrons  from  the 
base. 

22.  The  holes  that  do  not  combine  with  free 
electrons  attract  Valence  electrons  from 
the  base.  Thus,  many  of  the  emitter 
holes  are  effectively  transmitted  to  the 
base. 


id.  When  the  emitter  current  varies*  the  23. 
collector  current  varies*  The  varying 
collector  current  produces  a  varying 
voltage  drop  across  the  load  resistor. 


This  provides  more  base  holes  to  com- 
bine with  electrons  from  the  collector. 
This  allows  higher  current  to  flow  lathe 
collector. 
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24.  Since  the  electrons  that  How  through 
th«  collector  combine  with  holea  that 
are  orliflnally  supplied  by  the  emitter, 
the  amount  of  collector  current  that 
tlowa  dependa  on  the  amount  of  emitter 
current* 

25.  The  NPN  and  PNP  circuits  just  de- 
scribed are  called  common-baae  cir- 
cuits, because  the  baae  la  common  to 
both  the  Input  and  output. 

26.  The  common-baae  circuit  ampUflea  the 
input  signal,  but  doea  not  change  Its 
phaae. 


27.  In  the  common  base  circuit,  the  output 
(collector)  current  ia  about  0^  of  the 
Input  (emitter)  current.  Current  gain  la 
output  current  divided  by  Input  current. 


A  typical  current  gain  for  a  common* 
baao  amplifier  15  .09.  It  la  always  lesa 
than  1  for  a  common-baae  amplifier. 

2a.  The  common-base  circuit  provides  re- 
alatance,  voltage,  and  power  gain. 

,  ,  ,     output  resistance 

20.  realetance  gain  j— j  • 

Input  resistance 


^.       output  voltage 

30.  voitage  gain  »   ,     ,  rr^—  ^current 

^  Input  voltage 

gain  X  resistance  gain. 


31.  power  gain current  gain  x  voltage 
gain. 

32.  In  a  Junction  transistor,  the  base  sec^ 
tion  is  very  thin,  so  that  It  has  very 
few  majority  and  minority  carriers  of 
Its  own. 
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VL  TRANSISTOR  AMPLIFIERS 


The  prtyvioua  t^fifioii  Covered  the  baalc  theory  of  tho  trun^ilstor,  and  how  It  pv'ovlclca 
^rnpUfUMllon.  Till/*  tc^i^ioii  aiulyJif;)  lii  dotal!.  ;nul  compares,  the  three  common  types 
of  tran.HLstor  rlrt'ults:  comnion  b;»s<s  common  eniltt*Tr,  and  roinmoti  rollector. 

COMMON  BASE 

1- 


This  transistor  circuit  Is  called  a  (  )  (  )  amplifier. 

//////////////////// 
common  base 


2.     In  the  common  base  amplifier,  the  Input  signal  is  applied  to  the  (  ). 

//////////////////// 

emitter 


3.     The  output  signal  appears  across  load  resistor  Rc  in  the  (  )  circuit. 

//////////////////// 
collector 


In  an  NPN  common-base  amplifier,  a  positive  going  input  signal  applied  to  the  emitter 
(increases/ decreases)  emitter  bias. 

uiiinhiinuinn 


decreases 


4.b.  D«croa»od  emitter  blu  r^ducen  emitter  and,  therefore,  ( 

//////////////////// 
collector 


)  curroat. 


4.C.  Wtth  reduced  collector  current,  the  drop  acrosa  iX\e  collector  loud  resistor  goe* 
(  ). 

—  //////////////////// 

down 


4.d.  This  causes  the  collector  voltage,  or  output,  to  go  up,  or  In  the  ( 

//////////////////// 
positive 


)  direction. 


4.e.  Therefore,  in  an  NPN  common-base  amptiHerr  a  positive  going  Input  signal  produces  a 
(  )  going  output  signal. 


//////////////////// 
positive 


5. a. 


iMPU 


In  a  PNP  common^base  amplifier,  the  collector  voltage  is  {  ). 

//////////////////// 
negative 


5.b.  The  actual  negative  voltage  that  is  at  the  collector  depends  on  how  much  voltage  is 
dropped  by  the  (  )  Rc. 


//////////////////// 
load  resistor 


U  the  Load  realator  drops  less  voUage^  morft  of  th«  colUctor  biafl  voUage  ii  appUed  to 
the  colloctor.  Th«  collector  then  would  b«  more  (  ). 

//////////////////// 
negative 


5.d.  If  the  load  reslator  dropped  more  voltaget  the  collector  would  b«  ( 
It  would  so  In  a  (  )  direction. 

//////////////////// 


)  negative. 


less 


poflitlve 


5.e.  With  a  PNP  common^baee  amplUler,  a  poaitlve  going  input  algnai  applied  to  the  emitter 
(Increases/ decreaaefl)  emitter  bias. 


//////////////////// 


Incrflaeefl 


5.f.  Thlfl  increases  emitter  and^  thereforOt  (  )  current. 

//////////////////// 
collector 

With  increased  collector  current*  the  drop  ac roe e  the  collector  load  resistor  (Increases/ 
decreases). 


//////////////////// 


inc reases 


5.h.  Thlfl  makefl  the  collector  voltage  (  )  negative. 

//////////////////// 
lesfl 


5.1.  The  collector  voltage,  or  output,  then,  goee  In  a  ( 

//////////////////// 
positive 


)  direction. 


5.  J.  Therefore,  in  a  PNP  common-base  amplifier,  a  poslUve  going  input  signal  produces  a 
(  )  going  output  signal. 


//////////////////// 

posltlvs 


06 
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d.a.  PNP  and  NPN  amplifier  circuits  uaa  opposite  tmltter  blu  polarlUas.  Thtrefort,  tlvi 
Biimm  phftm  input  signals  affect  tho  emitter  bias  voltages  In  both  circuits  differently. 
If  a  signal  aids  tho  bias  In  the  NPN.  the  same  signal  will  (  )  the  bias  in  the  PNP. 

//////////////////// 
oppose 

6.b.  HOKr«ver»  since  the  NPN  and  PNP  circuits  also  use  opposite  collector  bias  polarities, 
the  same  phase  inputsignalswlUproduce(  )phase  output  signals  In  both  circuits. 

//////////////////// 

the  same 


7.  Therefore,  in  the  common-base  amplifier,  there  is  no  ( 
Input  and  output  signals. 

//////////////////// 
phase 

8.  In  the  common-base  amplifier^  output  current  (Ic)  is  ( 
(le)  Is  (  )  ctirrent. 


INPUT  ft 


)  reversal  between  the 


)  current.  Input  current 


OUTPUT 


I' — 


iiiiiiiiiiiiiiiiiiii 

collector  emitter 


O.a.  Current  gain  In  a  common  base  circuit  is  output  current  divided  tvy  Input  current. 

)  current^  and  the  Input  current  Is  the  ( 


The  output  current  is  the  ( 
current. 


mumnmnum 

collector  emitter 


9.b.  Therefore^  the  formula  for  gain  can  also  be  written  as 

nnnnnnmum 

collector  current 


gain  i 


emitter  current 
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luniUiUmuun 

O  r.  Thf^  .qymbol  for  CUURENT  GAIN  In  a  common  ba*;^'  <ircuil  ifi  Q  (alpha).  Ualng  the  SYM- 
HOLii»  the  formula  for  ilph^i  can  also  be  wrltton  wh  .... 

llUlliln'nllllli/i 
a  " 

10.  Glv*?n.  emitter  current  (te)  ^  12  MA 

collector  current  Cic)  -  U.4  MA 

Find  *  1- 

////////////7/////// 


U.  In  the  common-base  amplUler,  Ic  Is  originally  supplied  by  le:  and  Ic  Is  always  slightly 
less  than  le.  Therefore,  *he  formula  for  alpha  (CL)  shows  that  the  current  gain  of  a  com- 
tnon-base  amplifier  is  always  less  than  (  ). 


//////////////////// 
1.  unity 


n.  The  current  gain  is  less  than  1  because  part  of  the  emitter  current  enters  the  base  and 
does  not  reach  the  (  ). 


//////////////////// 
collector 


13.  Although  the  current  gain  Is  less  than  1.  the  common  base  circuit  provides  a  resistance 
gain  because  the  output  resistance  is  much  (  )  than  the  Input  resistance. 


//////////////////// 
higher 

da 
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14.  £  -  IH. 


Thf^  hJich  HE\SI3TANCi:  ^^In,  tj^ntitc^r  with  a  CUHUhNT  ffuin  of  rlunn  to  L«  ri^sultfl  In  a 

///////////////////; 

vuLtsigc 


15.  P  -  hi. 

Since  there  is  ^  VOLTAGE  gain,  and  a  CUHHENT  gain  cloao  to  I,  the  circuit  also  pro- 
vldej  a  (  )  gain. 

//////////////////// 
power 

16.  E  -  m 

Basically,  the  voltage  uid  power  gains  are  due  to  the  (  )  gain. 

//////////////////// 
resistance 


I7r  There  is  a   resistance  ffaln  b^c^use  the  output  resistance  Is  much  higher  than  the 

//////////////////// 
Input  reslstajice 


IS.  The  Input  resistance  of  the  common  base  circuit  Is  usually  between  30  and  100  otuns. 
Therefore,  the  output  reslstajice  must  be  much  (  }  than  this. 

//////////////////// 
higher 

19. a.  The  output  reslstajice  of  the  common  base  circuit  Is  generally  about  I  or  2  megohms. 
However,  If  a  load  resistor  of  this  size  were  used,  an  unusually  large  collector  battery 
would  be  needed.  The  value  of  *iie  load  resistor,  then^  Is  (  )  than  the  output 

resistance. 

//////////////////// 
smaller,  less 
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19. b.  The  Biz^  of  Uift        r«aUtor«  Uiouf^h,  la  aUU  much  gro^tor  Uian  tho  circuit'.^  ( 


//////////////////// 

input 


COMMON  EMITTER 


The  trsuislator  circuit  ahow^i  la  called  a  {  )  ampUtier. 

//////////////////// 
common  emitter 

2L  In  Uie  cOTDTDOn  emitter  ampUfler,  the  input  algnal  la  applied  to  the  (  ). 

//////////////////// 
base 

22.  The  output  algnal  appears  across  the  load  resistor  Rc  In  the  {  )  circuit. 

//////////////////// 
collector 

23.  a.  In  the  NPN  common  emitter  amplifier,  a  positive  (Olng  Input  signal  (increases/ 

decreases)  lMise*emltter  bias. 

//////////////////// 
increases 


100 


23. b.  Aiding  the  forwArct  bU«  (increaseii/decreaiea)  the  collector  current  through  the  load 
roeletor. 

nnnnnnnnnn 

Increa^eg 

23*c.  Increased  collector  t:urrent  roaulte  In  a  larger  voltage  drop  across  the  load  resletor* 
This  causes  the  collector  voltage,  or  output  to  go  down,  or  in  a  (  }  dlrecUoii. 

nnnnnnnnnn 

negative 

23. d.  In  the  common  emitter  ampUfiert  then»  a  positive  going  input  signal  causes  a  (  ) 
going  output  signal* 

nnnnnnnnnn 

negative 

23. e.  Therefore,  In  the  common  emitter  circuit  there  (is/is  not)  a  100*  phase  reversal  be- 
tween the  Input  and  output  signals. 


nnnnnnnnnn 

is 


24*  Since  PNP  and  NPN  common  emitter  circuits  use  opposite  base-emitter  polarities, 
a  certain  phase  Input  signal  has  opposite  effects  on  the  base- emitter  bias  In  these  cir* 
cults*  However,  since  these  circuits  also  use  opposite  collector  bias  polaiitlesi  the  phase 
of  the  output  signal  In  both  circuits  Is  (  )* 


nnnnnnnnnn 

the  same 


25*  In  the  common  emitter  ampUHeri  the  current  In  the  Input  circuit  Is  ( 


)  current* 


INPUT 


OUTPUT 


nnnnnnnnnn 

base 
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26.  \UfU}  mrrviM  in  v«ry  firtiulL  in  ronnjarlscni  tu  (  )      (  )  rurrenta. 

//////////////////// 
onitUor  coUortor 


27.   Tho  cHitiJut  rurr<'iit  in  tho  (  )  <rurrt*nt. 

///////////////////. 
cuUectur 


29.  CuUectur  aurr**nt  is  much  groater  than  (  )  current. 

//////////////////// 

baae,  Input 

*     i      output  current 

29.  Current  (fain  =  , —  

Input  current 

Therefore,  the  common  emitter  circuit  produces  a  considerable  (  )  gain. 

//////////////////// 
current 

30.  a.  The  symbol  for  collector  current  is  (  ). 

//////////////////// 
Ic 

30.b.  The  symbol  ^or  base  current  Is  (  ). 

//////////////////// 
lb 

30. c.  The  symlMl  for  current  (^ain  In  a  common  emitter  circuit  Is  Jj  (beU).  Using  the  SYM- 
BOLS, ttie  formula  for  beta  can  be  written  as  ...  , 


//////////////////// 


31.a.  What  Is  Uie  formula  for  alpha?  Use  Uie  symbols. 

//////////////////// 
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3Lb.  The  formuUfl  for  AiphA  2tul  bot2  might     first  aeom  to  b«  tho  aami*  bco;iuse  they  tK)Ut 
divide  output  current  by  input  current.  Ar^  they  actuaUy  the  asLntt^? 

//////////////////// 
No. 

3Lc.  Wlut  is  the  dlTferonce  between  alpha  aiut  beta? 

///////////////////' 

To  tlnd  aipha^  the  input  current  is  emitter  current;  but  to  find  beta,  the  input  current 
is  base  current. 

32.  Since  the  emitter  current  Is  the  totai  current  in  the  transistor  circuit,  find  the  collector 
current  (Ic)  and  then  find/?  in  a  common  emitter  circuit  that  has  an  emitter  current  (le) 
of  5  MA  and  a  base  current  (lb)  of  0.1  MA. 

//////////////////// 

lb  4  Ic  Id 
le  -  lb  Ic 
Ic  =  5  -  .1  ^  4.9  MA 

33.  The  base^emitter  junction  is  {  )  biasid^ 

//////////////////// 
forward 

34.  Therefore,  the  input  circuit  is  bdased  in  the  forward  or  (  )  resistance  direction. 

//////////////////// 
low 


35.  The  base -collector  junction  is  (  )  biasedi^ 

//////////////////// 
riev^rse 


36.  Therefore,  the  output  circuit  is  biased  In  the  (  )  resistance  direction. 

Illlllllllllllllllll 
high 
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•M,  l\vfHUU)H  luivlttK  a  X^^ix  iiurvfyut  Kulti,  a  cummon  r»mlttr»r  ulm>  has  a  (  )  Ktitin* 

//////////////////// 


3fl.  With  hlRh  rurrfrnt  and  r*KiLstunr<?  K:Alnfi*  the  commun  f^tiilttf»r  will  have  a  Urifo  (  ) 

//////////////////// 


Given:  input  r<'>itAtUKice  ^  2*000  ohms 

output  rr^slstance  -  10,000  ohms 

Find  voUat^p  K^iln* 

//////////////////// 

10.000  . 
resistance  Kaln  =    ^"qqq  ^  ^ 

voltage  gain  -  current  gain  x  resistance  gain  =  49  x  5  ^  245 

40.  P  =  El 

Since  the  common  emitter  circuit  has  high  current  and  voltage  galns^  there  will  also  be 
a  very  hlt^h  (  )  gain. 

//////////////////// 
power 

41.  Given:  ^  -  49 

voltage  Ftaln  =  ZA% 

Find  power  ^aln, 

//////////////////// 
power  gain  =  voltage  gain  x  current  gain  -  245  x  49  ^  12.005 

42.  In  a  common  emitter  circuit,  there  are  high  voltage  and  power  gains  t>ecause  of  high 
(  )  and  (  )  gains, 

//////////////////// 
current  resistance 
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is;; 


43.  T\m  Input  rtfllflUnce  of  a  common  emitter  circuit  im  typlciUy  600  to  2»000  ohm«.  Tb«rt- 
tore,  the  output  resljitAnce  muit  be  more  than  (  )  ohms. 


iiiiiiiiiiiiiiiiim 

2,000 


44.  A  typlcAl  output  reilitance  ot  the  common  emitter  circuit  Is  About  900,000  oKma.  Aa  with 
the  common  baae  circuit,  the  actual  load  redator  would  be  conalderably  (lower/ higher). 


miimiiiiinniii 

lower 


What  la  the  Input  current  In  the  common  emitter  circuit? 

nninnnnmnii 

baae  current  (lb) 
45.b.  What  la  the  input  current  In  the  common  baaa  circuit? 

///////  V////////// 
emitter  current  (le) 
45. c.  What  are  the  output  curreota  In  both  of  these  clrc\iita? 

//////////////////// 
collector  current  (Ic) 

45.  d.  Why  la  the  base  current  (lb)  so  small? 

//////////////////// 

Because  most  of  the  emitter  current  (le)  goes  to  the  collector. 

46.  a.  Current  gain  In  a  common  emitter  circuit  la  called  beta  (  B  ).  What  is  it  called  In  a 

common  base  circ^lit? 

//////////////////// 

alptia  (a ) 

46.b.  What  are  the  lormulaa  lor  a  and  Q  ? 

Illlllllllllllllllll 
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40. c.  Which  would  ulw;iy«  be  Kresiter,  a  t)r^  7 

IIIIIIIIIUIIIIIIIII 
fi  (beta) 


47.  Which  type  of  tran:iL5tor  circuit  does  aot  reverse  the  Fifca^l  phaiio? 

IIIIIIIIIUIIIIIIIII 

commoQ  base 


COMMON  COLLECTOR  (EMITTER  FOLLOWER) 


48.  This  transistor  amplifier  U  called  a  ( 


INPUT 


iiiiiiiniiinniiii 

common  collector 


The  common  collector  amplifier  Is  usually  referred  to  as  an ''emitter  follower/' 
Therefore,  It  will  be  called  ^  emitter  follower  In  this  section.  Keep  Ir  mind,  how- 
ever, that  the  collector  Is  common  to  both  the  Input  and  output  circuits  Just  as  the 
base  Is  common  to  the  Input  and  output  circuits  of  the  common  base  amplifier  and 
the  emitter  to  the  Input  and  output  circuits  of  the  common  emitter  ampLliler. 


49.a.  In  the  emilter  follower  (common  collector)  circuit,  the  input  signal  Is  applied  to  the 

IIjIIIIIIIIIII/IIIII 


b2se 


49.b.  The  output  signal  2pp«ar8  across  the  load  resistor  (Re)  In  the  ( 

IIIIIIIIIUIIIIIIIII 

emitter 


)  circuit. 


10« 


1S7 


40. r.  Bypass  cJHwJtor  C  placen  the  (  )  at  A^C  Kround  potential* 

//////////////////// 
collector 

50.a.  In  th«  NPN  umltter  follower,  a  positive  golnjc  Input  signal  (aldfl/ oppose  a)  the  forward 

//////////////////// 
aids 


50.b.  Aiding  tho  forward  bias  (Increases/ d«cr«as«s)  ttie  current  through  the  load  resistor, 

//////////////////// 
Increases 

5La,  The  Increase  In  current  flow  through  load  resistor  Re  makes  the  output  voltage  more 


IfjPUT 


1. 


Output 


1" 


llllllllllllllllllll 
positive 


51,b,  Thus.  In  the  emitter  (ol'ower  cir  :ult,  there  (ia/la  not)  a  180*  phase  shift  between  the 
input  and  output  circuits. 


llllllllllllllllllll 


is  not 


52,  In  any  circuit,  current  gain  equals  (  )  ciirrent  divided  by  ( 

lllllllllllllllhlll 
output  Input 


)  current. 
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53,  In  th**  4>(nttt4*r  f()Ui>W4;r,  ihr  (iurrf»iit  in  tho  Iniuit  circuit  in  { 

/////////// V//////7 
baao  (lb) 


)  rurrcMit. 


54,  Curr*^rtt  in  tin?  otitjuit  trirruit  in  {  )  Cuvn^ni, 

ilninilllllllliHl 


emitter  (le) 


55, a.   In  the  emlttt'r  rolLow«?r  circuit,  current  gain  e<;ijaL£i  ( 
(  )  rurrent, 

//////////////////// 
emitter  base 


)  current  divided  by 


55, b,  Uslnf?  SYMBOLS,  the  formula  for  current  gain  in  an  emitter  follower  is: 

//////////////////// 

current  gain  =  ~ 


Although  alpha  (Q )  is  used  to  denote  the  current  gain  in  a  common  base  circuit,  and 
beta  [^)  is  used  for  the  common  emitter  circiilt,  THERE  IS  NO  SPECIAL  LETTER 
USED  TO  DENOTE  THE  CURRENT  GAIN  OF  THE  EMITTER  FOLLOWER  CIR- 
CUITf  In3tead,  a  special  formula  ualn^yd?  Is  used.  This  Is  done  because  the  common 
emitter  circuit  is  the  one  that  is  most  widely  used  in  the  electronics  industry,  and  so 
fl  is  of  most  interest  to  design  en^eers.  As  a  result,  the  transistor  manufacturers 
usually  Include  In  their  typical  characteristics  for  the  transistors  they  make,  Oc- 
casionally,  Q  is  also  given.  The  following  frkme  shows  how  the  formula  for  emitter 
follower  current  gain  (using  jj)  is  derived. 


55.a,  emitter  follower 
current  gain 


le 
lb 


and 


^  lb 


In  the  formula  for  emitter  follower  current  gain,  the  emitter  current,  le.  Is  actually  the 
sum  of  the  other  currents,  Substitute  these  currents  as  an  expression  In  place  of  le 
and  rewrite  the  formula. 

//////////////////// 


gain  = 


Ic  lb 
lb 


106 

ERIC 


You  now  have:  gain  ^  .  Thin  can      oxproaHod  afi: 

^         lb  lb 

T)i«  second  fraction  shows  lb  divided  by  lb.  Anything  dividoa  by  Itnelf  Ih  eciual  to  L 
Rewrite  the  formula  with  this  sWistltutlon. 

//////////////////// 

irain  »      +  1 
lb 


Ic 

You  now  have:  gain  ^      +      ^  Y^'^  look  at  the  be^^innlnfi  of  this  frame,  you  will  see 


Ic 

that  the  expression  —  equals  ( 


//////////////////// 

p 


56.  a.  Hewrite  the  formula  using  beta. 

//////////////////// 
emitter  follower  current  ?ain  =    ^+  1 

57.  a.  Vou  can  work  out  a  simple  problem  to  show  that   ^  >  1  Is  the  current  ^ain  of  the 

emitter  follower  circuit.  Assume  you  have  a  circuit  with  an  emitter  current  of  6  MA, 
and  a  base  current  of  0.2  MA.  Find  the  ^ain  directly  by  dividing  le  by  lb.  What  is  It? 

//////////////////// 


^     ,       le      6  MA 
currert^^*n  =-  =  qTmA  ^ 


57.b.  Now  find  the  current  gain  by  finding  ^  and  then  adding  1.  What  is  it? 

///////;//////////// 

/?-  l£ 
lb 

Ic  ^  le  -  lb 

Ic  =  6  MA  -  0.2  MA  ^  5.6  MA 

o_  5JJWA  ,  2^ 
A*  -  0.2  MA' 

current  gain  ?  29     1  =  30 


100 


erJc 


56.  The  intornai  reaieitanco  of  tho  trun-* 
alator  between  the  base  zad  L^mitter 
is  Ubeloa  (  ). 


//////////////////// 

59.  a.  Rbc  is  in  series  with  the  load  resistor  (  ). 

//////////////////// 
Re 

5d.b.  The  iaput  signal  is  effectively  put  acrossthe series  resistances  Rbe  and  Re.  Therefore, 
the  voitage  drop  across  Re  is  (  )  than  the  input  voltage. 

//////////////////// 
less 

5d.c.  Because  of  this,  the  emitter  toUo^r  has  a  voitage  gain  of  (  ). 

//////////////////// 
less  than  1 

60.  a. 


With  the  emitter  follower  circuit  redrawn,  you  will  be  abie  to  see  that  the  voltage  gala 
of  the  circuit  is  less  than  1  because  the  resistance  gain  is  much  less  than  L 

110 


191 


Thn  rmlttfjr  fcillciwnr  rlrrult  in  d  Common  collortor  <!lrrtat,  Th«  basfl  and  roUector 
furui  thr  (  )  rlrriUt. 

//////////////////// 
ittput 


//////////////////// 


reverse 


(^0.c.  Tho  input  clrcuU  h^s  a  (  )  resistance. 

//////////////////// 
high 

SO.d,  The  emitter  and  collector  form  the  (  )  circuit, 

//////////////////// 
output 

50.^.  Current   flows   easily  from  emitter  to  collector.  Therefore,  the  output  circuit  has 
(  )  resistance. 

//////////////////// 

low 


,    „  ,       output  resistance      low  resistance 

60,  f.  Resistance  gain  =   ,     ^  —7          =  rr-r  —  

input  resistance      high  resistance 

The  emitter  er  has  a  resistance  gain  of  ( 

//////////////////// 
less  than  1 


61.   The  Output  resistance  is  typically  between  100  andSOO  ohms.  Therefore,  the  input  resist- 
ance must  be  more  than  (  )  ohms. 

//////////////////// 
500 
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62.  A  typical  Input  resistance  is  500,000  ohms*  In  comparison  Mth  the  Input  resistance  of 
th«  other  circuits,  ttils  is  very  (high/low), 

//////////////////// 
high 

63.  In  the  common  base  circuit,  the  input  signal  is  applied  to  the  ( 

//////////////////// 

emitter 

64.  In  the  common  emitter  clrcMlt,  the  Input  signal  is  applied  to  the  ( 

//////////////////// 
base 

65.  The  common  collector  circuit  is  known  as  an  (  ). 

//////////////////// 
emitter  follower 

66*a.  In  the  common  base  circuit,  the  output  signal  Is  taken  off  the  (  ). 

//////////////////// 
collector 

66.  b.  In  the  common  emitter  circuit,  the  output  signal  Is  taken  off  the  ( 

//////////////////// 
collector 

66.  C.  In  the  common  collector  circuit,  the  output  signal  Is  taken  off  the  (  ). 

//////////////////// 

emitter 

67,  a,  What  is  the  formula  for  current  gain  In  the  common  base  circuit?  Use  symbols, 

//////////////////// 
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67 ,b.  What  la  the  formula  for  current  gain  in  the  common  emitter  circuit?  Use  symbola. 

iiiiiiiiiiiiiiiiiiii 


67.C.  What  is  the  formula  for  current  gain  in  the  emitter  follower  circuit?  Use  symbols, 

//////////////////// 


rk  le 
current  gain  ^  ^  1  s  ^ 


RELATIONSHIP  OF  ALPHA  AND  BETA 


Although  the  common  emitter  circuit  is  the  one  that  is  most  often  used,  the  common 
base  circuit  is  still  used  to  a  large  extent*  particularly  in  sine  wave  oscillator  cir- 
cuits. Since  manufacturers  usually  only  give  yf^  in  their  translator  characteristics, 
it  Is  still  often  necessary  to  know  a  •  Howeveri  this  is  not  really  a  problem  because 
there  la  a  definite  mathematical  relationship  between  CL  and  If  you  know  onei  you 
can  easily  find  the  other  using  the  proper  equation.  The  following  frames  show  you 
how  these  equations  ;^e  derived* 


68«       ~  []^  *  '^^        up  the  relationship  betnreen  CL  and  ^ ,  you  must  express  Ic  and  lb  in 
terms  of  a  •  CL  =  ? 

//////////////////// 

Ic 
le 

69.  a={2 

le 

Rearrange  the  formula  to  solve  for  Ic. 

//////////////////// 

Ic  =  a  le 

70.  Thereforci  since  Ic  =  Ct  le,  insert  it  in  the  formula  tor^  . 

//////////////////// 
Ic  aie 


Bb  ~  lb 
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Now  you  muat  expreaa  lb  in  tcrma  of  a  - 

Ic  -  a  le.  In  this  rearranged  formula  for  a  ,  Ic  can  be  expressed  in  terms  of  lb  and  le. 
How  are  lb  and  le  related  to  Ic? 

//////////////////// 

le  -  lb  =  Ic 

7Lb.  Substitute  le  -  lb  in  the  formula  Ic  =  a  le. 

//////////////////// 
le  -  lb  ==a  le 

7Kc,  le     lb  ^  CL  le.  Transposed  le  and  *  H), 

//////////////////// 
le  -  a  le  =i  lb 

71, d.  le  -  a  le  =  lb  can  also  be  expressed  as  lb  =i  le  *  a  le.  Simplify  the  right  aide  of  the 
formula, 

//////////////////// 
lb  =  led- a  ) 

7Le.  Substitute  le(l-a  )  for  lb  in  the  formula  for 

///////'///////////// 


led- a  ) 


72,  n^- 

le(l-a) 
F>  tor  out  le. 


//////////////////// 

a 


73.  What  is  the  relationship  between  alpha  and  beta? 

//////////////////// 

 P-^ 
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74, ft,  The  iqufttlon  ^  -  will  aUow  you  to  flnd^  when  a  1«  known*  Now  you  mu«t  derive 

the  equfttlon  that  will  let  you  find  a  when  Is  known,  The  above  equation  can  be  re* 
arranged  to  produce  a  formula  in  terms  of  OL  > 

^  '-j^  *  Croifl  multiply  the  terms  In  this  equation. 

//////////////////// 

a  »  /3  -  /3a 


74.b.  a  =  P-Pa . 

Transpose  ~PcL  from  the  right  to  the  left  side  of  the  equation. 

//////////////////// 

a  +/3a  »  P 

74.C.  a  +/3a  -  /3 

.  Slmpllly  the  left  side  of  the  equation. 

//////////////////// 

a{uP) 

74.  d.  a  (1+/3  )  =  /J  .  Divide  both  sides  of  the  equation  by  1  +  /J  . 

iiiiiiiiiiiiiiniiii 

75.  Write  the  two  equations  that  show  the  relationship  between  a  and  P 

//////////////////// 

i.a 


76.  Alpha  Is  used  for  current  gain  in  a  common  (  )  circuit. 

//////////////////// 
tuise 

77.  Beta  is  used  for  gain  In  a  common  t  )  circuit. 

//////////////////// 
emitter 
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'78,  U  a  translator  In  a  common  base  circuit  haa  a  current  gain  of  0,96,  find  the  current  gain 
IX  the  same  transistor  were  used  in  a  common  emitter  circuit, 

mmmmmmn 

a  3  0.98 


g 

i-a 


.9a 

l-.9fi 

,96 
.04 


79.  II  a  transistor  In  a  common  emitter  circuit  has  a  current  gain  of  7S,  tlnd  the  current 
gain  if  the  transistor  were  used  In  a  common  base  circuit. 

nmimunnum 

0-  *  -At 

CI  s  .987  (a^prox.) 
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SUMMARY 


L  The  collector  of  fl  tranilfltor  Sflth«rJthe 
current  which  comei  from  the  emitter. 
The  current  from  emitter  to  collector 
paieee  through  the  baee.  The  Mai  volt-^ 
age  between  the  baif«  an<^  emitter  of  e 
traneietor  controls  collector  current. 

2.  In  the  common  baee  amplifier,  the  Input 
flignal  ia  applied  to  the  emitter,  and  the 
output  signal  appears  across  the  loa4 
resistor  In  the  collector  circuit.  In  an 
NPN  common  base  ampliilert  a  positive 
going  input  signal  decreases  collector 
current,  making  the  collector  voltage  go 
more  positive.  In  a  PNP  common  base 
amplifier,  a  positive  going  input  signal 
Increases  collector  current,  and  be- 
cause of  the  direction  of  current  flow, 
makes  the  collector  go  In  the  positive 
direction.  In  both  NPN  and  PNP  com* 
mon  base  amplifiers^  there  Is  no  phase 
reversal  between  the  input  and  output 
signals. 

3.  Current  gain  in  the  common  baae  am- 
plifier. Is  called  alpha  (a  )>  and 
equals  collector  current  divided  by 
emitter  current.  Alpha  Is  always  less 
than  1. 

4.  The  common  base  amplifier  provides 
resistance,  voltage^  and  power  gains. 

5.  The  Itqput  resistance  of  the  common  baae 
amplifier  Is  usually  between  30  and  lOO 
ohms.  The  output  resistance  is  gener- 
ally about  1  Or  2  megohms. 

6.  In  the  common  emitter  amplifier^  the 
input  signal  is  applied  to  the  base  and 
the  output  signal  appears  across  the 
load  resistor  in  the  collector  circuit. 
In  the  NPN  common  emitter  amplifier, 
a  positive  going  Input  signal  increases 
the  collector  current  through  the  load 
causing  the  collector  voltage  to  go  in 
the  negative  direction.  In  a  PNP  com- 
mon emitter  amplifier,  a  positive  going 
input  signal  decreases  collector  current 


through  the  load  and«  because  of  the  du 
rectlon  of  current  flow,  makes  the  col- 
lector more  negative.  In  both  NPN  and 
PNP  common  emitter  transistors,  the 
input  and  output  signals  are  pliase- 
shlfted  160** 

7.  Current  gain  in  the  common  emitter 
amplifier,  called  beta  (  Q  K  equals 
collector  current  divided  uy  base  cur* 
rentt  and  le  usually  much  greater  than 
1.  The  circtiit  also  provides  resistance^ 
voltage,  and  power  gains. 

6.  The  input  resistance  of  a  common 
emitter  circuit  is  typically  600  to  2,000 
ohma*  A  typical  output  resistance  is 
about  500,000  ohms. 

9.  In  the  emitter  follower,  the  Input  signal 
is  applied  to  the  base  and  the  ouljHit 
slgrnal  appears  across  the  loa4  resistor 
In  tike  emitter  circuit.  In  an  NPN 
emitter  follower,  a  positive  going  In- 
put signal  Increases  the  current  througli 
the  load  resistor^  making  the  output 
voltage  go  more  positive.  In  a  PNP 
emitter  follower,  a  positive  going  Input 
signal  decreases  the  current  through 
the  loa4  resistor  and,  because  of  the 
direction  of  current  flow,  causes  the 
ou^t  voltage  to  go  In  the  positive  dl-> 
rectlon.  In  both  NPN  and  PNP  emitter 
follower  amplifiers,  the  input  and  out^ 
put  signals  are  In  phase. 

10*  Current  gain  of  an  emitter  follower  is 
/J  +  1;  it  equals  emitter  current  di- 
vided by  base  current.  The  circuit  also 
provides  a  power  gain,  but  the  voltage 
gain  is  always  less  than  L 

IL  The  output  resistance  of  an  emitter  fol- 
lower is  typically  between  100  and  500 
ohms.  A  typical  input  resistance  is 
500^000  ohms. 

^2-  l2--ua  °'=i.p 
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VIL  TRANSISTOR  BIASING  AND  STABILIZATION 


The  preceding  section  dealt  with  the  basic  common  base,  common  emitter^  and 
common  collector  amplifiers  In  their  simplest  forms*  However^  these  circuits  as 
they  were  ahown  are  rarely  used  because  they  are  affected  too  much  by  the  inherent 
sensitivity  of  transistors  to  temperature  changes.  This  secUon  shows  how  pracUcal 
transistor  circuits  use  bias  and  stabilization  methods  to  compensate  for  temperature 
efiects.  The  common  emitter  circuit  is  used  in  the  examples  since  It  is  the  most 
commonly  used  circuit. 


The  behavior  of  a  transistor  under  various  bias  conditions  can  be  represented  by  a 
group  of  curved  called  ''characteristic  curves*"  These  curves  are  provided  by  the 
manufacturer  and  are  usually  given  for  the  common  emitter  configuration.  Sometimes 
they  are  given  for  the  common  base  configuration  and,  occasionally,  for  both  the  com* 
mon  base  configurations.  Because  the  common  emitter  configuration  Is  used  so  fre* 
quently  In  the  Polaris  system.  It  will  be  the  one  discussed  here. 


The  values  of  Rb,  Rc,  £b,  and  £c  in  this  common  emitter  amplifier  determine  the 
bias  currents  and,  therefore,  the  ''operating  polnt'^  of  the  transistor.  The  operating 
point.  Is  the  bias  level  that  estabUshes  a  STEADY  LEVEL  OF  COLLECTOR  CUR- 
RENT FOR  ZERO  INPUT  SIGNAL  VOLTAGE,  This  will  be  discussed  shorUy, 


BIASING  METHODS 


L*ft*  This  l0  a  Kroup  of  chftracterlstic  curves  for  a  typical  transistor  connactot)  in  tho  com- 
mon emitter  configuration^ 


base  current 


You  will  recall  that  the  amount  of  collector  current  depends  upon  the  level  of  the 
base^collector  bias  voltage  and  the  emltter^baae  bias  voltage*  Yet  here,  emitter-base 
CURREI^  is  plotted  rather  than  emitter-base  VOLTAGE*  This  is  done  because 
emitter*base  bias  voltage  Is  VERY  SMALL  and  difficult  to  measure,  A  specific 
amount  of  base  current  vlU  flow  for  a  specific  emitter*base  bias  voltage,  And^  since 
base  current  is  relatively  easy  to  measure^  it  Is  standard  practice  to  plot  base  cur* 
rent  rather  than  base  voltage*  Keepinmind,  however^  that  the  amount  of  base  current 
is  dependent  upon  the  emitter-base  BIAS  VOLTAGE* 


l*ij*  From  the  characteristic  curves,  you  can  see  that  the  amount  of  collector  current  that 
flows  depends  upon  .  *  *  * 

//////////////////// 
collector  voltage  and  base  current  (emitter-base  voltage)* 


l*c*  Therefore,  the  operating  point  of  a  transistor*  which  is  the  bias  levels  that  establishes 
the  level  of  collector  current  for  zero  input  signal  voltage,  is  determined  by  .  .  *  * 

/////////  7///////// 

collector  voltage  and  base  current 


20*) 


1^1 


L*d,  Assume  a  transistor  with  a  collector  voltage  of  7,9  volts  and  a  base  current  of  00  micro- 
amperes. From  the  characteristic  curves,  how  much  collector  current  will  flow  In  this 
circuit? 

iiiiiiiiiiiiiiiiiiii 

about  3.3  mllllamperes 

l,e*  Now  assume  that  the  base  resistor  is  changed  so  that  120  microamperes  b^ise  current 
flows,  Collector  voltage  Is  not  changed  and  remains  7.5  volts.  How  much  collector  cur- 
rent will  flow? 

//////////////////// 
about  6  mllllamperes 

l.f.  Now  let's  go  back  and  connect  the  original  base  resistor  Into  the  circuit  so  that  base 
current  again  becomes  60  microamperes.  If  the  collector  voltage  Is  increased  to  15 
volts,  how  much  collector  current  will  flow? 

//////////////////// 
about  3.6  mllllamperes 

l.g.  Summarizing: 

COLLECTOR  VOLTAGE  BASE  CURRENT  COLLECTOR  CXniRENT 

7.5V  60  MA  3.3  MA 

7.5V  120  UA  6.0  MA 

15V  60  MA  3.6  MA 

What  conclusion  can  you  draw  from  these  figures? 

//////////////////// 

A  small  change  In  base  current  results  in  a  relatively  large  change  in  collector 
current.  The  amount  of  collector  cu,*rent  depends  MOSTLY  on  the  amount  of  base 
current  (and,  therefore  on  the  emitter-base  BIAS  VOLTAGE). 


l,h*  Oeflne  operating  point.  Which  two  transistor  parameters  determine  the  operating  point 
of  a  transistor?  Which  one  of  these  two  parameters  has  the  most  affect  on  the  operating 
point? 

//////////////////// 

The  operating  point  Is  the  bias  levels  that  establish  that  amount  of  collector  current 
that  nows  for  zero  input  signal  voltage. 

collector  voltage  and  base  current  (emitter -bas.-  bias  voltage) 

base  current 
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2, a*  Along  with  the  operating  curves,  the  tranMlator  manufacturer  u«ualLy  Lista  maxim im  safe 
operation  values  such  M  the  maximum  voltagea  that  can  be  applied  to  the  collector  and 
emitter^  the  maximum  permlaeable  collector  current,  and  the  maximum  collector  power 
dla«ipatlon, 

Atf  long  aj  the  applied  voltages  and  currents  aro  kept  below  these  maximum  values^  the 
transistor  will  not  be  (  ), 

//////////////////// 
damaged 


2,b*  Sometimes^  a  maximum  pow^r  dissipation  curve,  represented  by  a  dotted  line,  is  given 
wltto  ttoe  operating  curves,  as  shown  on  the  diagram  below.  If  the  operating  point  is  to  ttoe 
left  of  this  curvei  ttoe  transistor  will  operate  safely.  To  the  right  of  the  curve,  the  tran- 
sistor may  be  (  )* 


MAXiMUM 
POWER 
OiSSlPATiON 
CURVE 


10  fS 
COLLECTOR  VOLTS 

//////////////////// 


20 
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damaged 


To  obtain  a  good  understanding  of  biasing,  it  will  be  worthwhile  to  go  through  a  typi* 
cal  problem  to  show  bow  ttoe  va^aes  of  circuit  components  are  determined  to  set  a 
deidxed  operating  point. 

The  exact  manner  In  which  you  go  about  determining  the  operating  point  depends  upon 
what  you  start  wltto^^  For  example,  in  some  cases,  you  may  have  a  particular  power 
source  or  particular  transistor  available  that  youmust  use;  in  other  cases  you  will  t>e 
able  to  select  a  power  source  or  a  transistor.  Sometimes  you  must  use  a  specific  load 
white  other  times  you  will  have  some  leeway  in  selecting  ttoe  value  of  the  load^^  In 
some  cases  you  wlU  be  "stuck'^  with  ^  certain  level  input  signal  and  In  other  cases 
you  may  have  control  over  what  ttoe  inputsignal  level  will  be.  Many  times  you  can  use 
ttoe  "typical  values^^  provided  by  the  transistor  manufacturer  and«  at  other  times, 
these  values  may  not  be  suitable  for  your  particular  application,  AU  of  ttoese  things 
affect  the  way  in  which  you  go  about  selecting  the  operating  point, 

(Continued  on  nesct  page) 
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In  th«  following  example,  2flBume; 
1*  You  mujt  use  a  1200-ohm  load 

2.  You  have  a  couple  of  12-volt  batterieA  (power  sourcea  available). 

3.  You  have  a  translotor  with  enough  gain  to  amplify  the  Input  signal  to  the  desired 


The  following  frames  show  how  to  use  this  Information  to  set  the  operating  point. 


3. a.  The  first  thing  you  must  do  is  construct  a  *'load  Line/'  A  load  Line  is  a  Llt^  that  is 
drawn  on  the  transistor  characteristic  curves  to  show  what  happens  when  a  load  is  con- 
nected into  the  collector  circuit  and  the  input  current  varies.  The  load  Line  wilt  show 
the  behavior  of  the  collector  circuit  between  the  points  of  maximum  collector  voltage 
(minimum  collector  current)  and  minimum  collector  voltage  (maximum  collector  cur- 
rent). To  construct  a  load  Line,  you  must  locate  these  points. 

First,  what  is  the  maximum  collector  voltage  that  is  possible  in  the  circuit  you  are 
designing? 


3.b,  What  would  be  the  level  of  collector  current  If  the  collector  voltage  is  at  12  volts? 


3.C.  Plot  this  point  (collector  voltage-*12  volts,  collector  current-*0  MA)  on  your  answer 
sheet. 


level* 


//////////////////// 


12  volts  (the  battery  voltage) 


//////////////////// 


0  (essentially) 


//////////////////// 


r 


0 


— I — •t  1 — 

10  15 
COLLECTOR  VOLTS 
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3,d.  Now  comput«  the  mftxlmum  collector  current  that  can  flow.  You  know  that  you  mu«t  uee 
a  1200-ohm  load  and  a  12*voLt  battery.  Therefore,  you  can  uee  ohms  law  to  compute 
maximum  collector  current. 

//////////////////// 


3.e.  U  maximum  current  (10  MA)  la  flovlng  in  the  collector  circuit,  vhat  will  be  the  value  of 
collector  voltage? 


//////////////////// 
0  (eesentiaUy) 


3.f.  Plot  this  point  (collector  current— 10  MA,  collector  voltage— 0  volt)  on  your  answer 
sheet.  (Use  the  curves  given  with  answer  3.c.)  ^ 


//////////////////// 


10  15 
COLLECTOR  VOLTS 


20 


25 
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3.g.  Now  that  the  maximum  collector  voltage  and  the  maximum  collector  current  are  known» 
an  operating  LOAD  LINE  can  be  drawn  between  theso  two  pointa.  as  shown  below.  The 
line  la  drawn  between  (  )  MA  collector  CURRENT  and  (  )  volts  collector 

VOLTAGE- 

14  1  i  ►^rr— I  »— I  1  »  H 


10  *5 
COLLECTOR  VOLTS 


//////////////////// 
10  12 


4.  Now  that  the  load  line  has  been  drawn,  the  nesct  step  is  to  select  the  operating  point 
ALONG  THE  LOAD  LINE.  You  can  see  that  the  load  line  cuts  through  many  possible 
operating  curves.  Each  curve  represents  a  specific  value  of  ( 

//////////////////// 
base  current 

The  position  of  th«  operating  point  on  the  load  line  is  usually  chosen  to  permit  the  desired 
amount  of  signal  swing.  For  example,  suppose  you  needed  an  a*c  output  signal  with  an 
amplitude  of  10  volts  peak*to*peaki^ 


COLLECTOR  VOLTS 
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If  you  ttelect  point  A  as  the  operating  point,  the  collector  voltage  would  vary  between  about 
1  volt  and  11  volta  (ft  volts  above  and  S  volte  below  the  operating  point)«  No  amplitude  dis- 
tortlon  would  be  Introduced;  that  la;  the  a-c  signal  would  not  be  CLIPPED  at  either  peak* 

Now  suppose  the  operating  point  waa  aet  at  point  B* 

r 

a 

r 


5  10  15  20 

COLL£CTOft  vOlT$ 

Notice  that,  with  no  Input  signal,  the  collector  voltage  would  be  about  9  volts*  Now  the 
desired  10  volt  peak-to-peak  a-c  output  Mgnal  could  not  swing  S  volts  above  the  operating 
point;  It  would  be  clipped  at  about  3  volts  above  the  operating  point  and  distortion  would  be 
present  In  the  output* 

S,a.  So«  you  decide  to  set  the  operating  point  at  A«  This  requires  that  the  circuit  have  a  base 
current  of  (  ). 

//////////////////// 

90  microamperes 

S.b,  Once  the  desired  base  current  has  been 
chosen,  a  proper  value  bias  battery 
and  base  resistor  can  be  used  to  pro- 
duce the  desired  current.  Since 
emitter-base  Junction  is  biased  In  the 
forward  direction^  Its  resistance  Is 
(  )  compared  to  the  base  re- 

sistor. The  other  12.volt  battery  will 
be  used  to  obtain  a  base  current  of  90 
uA  (mjcroamperes)*  Using  ohm's  law, 
what  should  the  base  resistor  value  be? 

//////////////////// 
negligible*  low 
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6. a. 


INPUT 


90/10 


5  U9fTK3iF 


)2V 


5mo 


OUTPUT 


12V 


This  circuit  shows  all  the  values  determined  in  the  previous  frajnes.  It  operates  at 
Point  A.  Point  A  was  picked  along  the  Load  Line  that  w^  drawn  between  chosen  values  of 
maximum  coLLector  voLtage  and  (  ).  What  are  those  values? 

//////////////////// 


current 


L2  V  and  LO  MA 


6.b.  The  maximum  coLLector  voLtage  was  arbitrarily  set  with  a  12-volt  battery.  What  deter- 
mines the  maximum  collector  current  that  could  flow? 

//////////////////// 

Ec  12 

The  specified  value  of  Rc.  Ic  =  ^  =         =  10  MA 


6.C.  If  a  different  value  of  Rc  is  used^  the  maximum  collector  ( 
would  produce  a  new  load  line. 

//////////////////// 

current 


)  will  change.  This 


6.d.  When  Point  A  was  chosen,  it  indicated  the  value  of  (  )  bias  current  that  was 

needed. 

//////////////////// 

base 

6.e.  The  required  value  of  base  current  was  obtained  with  an  arbitrarily  <:hosen  12-volt 
bias  battery  and  a  base  resistor^  Rb.  How  was  the  value  of  nb  found? 

//////////////////// 

6.f.  The  specific  location  of  Point  A  was  chosen  to  produce  a  desired  collector  current  and 
linear  signal  swings.  With  the  transistor  operating  at  Point  A,  what  would  be  the  static 
voltage  between  the  collector  and  emitter  and  what  would  be  the  operating  d^collector 
current? 

//////////////////// 

6  V  5  MA 
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fl-S-  The  emitter  current  Is  le  •  Ic  -i'  lb.  What  is  the  value  of  le? 

nnnnnmnum 

le    Ic  +  lb  «  5  MA  +  90|IA«  &  MA  +  0.09  MA  =>  5.09  MA 


7.a. 


INPUT  <Rb 


i2v 


Rc<  OUTPUT 


I2v 


In  this  circuit,  the  base  and  collector  bias  battery  values  were  chosen  arbitrarily. 
Larger  or  smaller  batteries  could  be  used  for  a  given  operating  point;  but  then,  dif- 
ferent values  of  (  )  and  (  )  would  be  needed. 

//////////////////// 

Rb  Rc 

7.b.  Although  the  base  bUs  battery  that  was  chosen  is  the  same  value  as  the  collector  bat- 
tery, the  base  battery  could  he  largeror  smaller.  In  either  event,  the  value  of  (  ) 
would  have  to  be  chosen  to  produce  the  proper  (  )  current. 

//////////////////// 


Rb 


base 


7.C.  In  the  circuit  shown,  two  batteries  are  used  to  make  both  the  base  and  collector  ( 
In  respect  to  the  emitter* 

//////////////////// 


negative 


7.d.  Actually*  since  the  emitter  has  the  same  polarity  in  respect  to  the  other  two  elements, 
only  one  battery  is  really  needed.  Try  and  redraw  the  circuit  with  only  one  battery. 


//////////////////// 


INPUT 


:±:  i2V        ?Rc  OUTPUT 


(Continued  on  nesct  page) 


127 


ERLC 


20S 


QuU«  oU<?nt  thlfl  circuit  la  drawn  this  waiy: 

o  — 

mPUT  R^j 
o 


8.a.  Since  th«  d-c  bias  curr«ntfl  that  flow 
in  this  circuit  are  produced  by  a  fixed 
battery  value  together  with  fixed  re^ 
alstore*  the  method  la  known  as 
(  )  blae, 

////////////7/7///// 

fixed 

8.b.  The  fixed  bias  circuit  haa  aor^e  drawbacks  because  It  does  not  compensate  for 
variations  in  the  bias  oirrents  that  are  caused  by  changing  transistor  characteristics. 
For  example,  the  internal  resistance  of  transistors  tends  to  vary  inversely  with  tem- 
perature. If  the  temperature  of  a  transistor  goes  up,  Its  internal  resistance  will  go 
i  };  this  will  cause  the  d«c  bias  oir rents  to  go  (  ). 

//////////////////// 
down  up 

8,c.  When  the  bias  currents  change,  the  transistor  wlllDRlFT  to  a  different  (  )  point. 

//////////////////// 
operating 

8.d*  All  of  the  circuit's  characteristics,  such  ^s  gain*  output  oirrent  and  power  dissipation, 
iriUalso(  ). 

//////////////////// 
drift,  change*  be  different 

The  ability  of  a  clrcnilt  to  compensate  for  temperature  changes  is  called  thermal  sta- 
bility. Fixed  bias  does  not  provide  (  ). 

//////////////////// 
thermal  stabiUty 
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10.  To  provld«  for  thermal  aUbiUty,  Uw  changaa  In  bias  currant  Uut  remilt  from  VATylng 
translator  characterlflUcA  ahould  be  fed  back  Into  the  tranaletor  to  counteract  the 
changes.  This  la  known  as  (  )  feedback. 

iiiinmiiiiiiiiiii 


netative^  degenerative 


ll.a.  Thle  circuit  ahowa  a  bUalng  method 
known  u  seU^blai.  It  le  ao  called 
becaum  the  operation  of  the  translator 
ItaeU  haa  a  controlling  effect  on  the 
blaa  currenta  that  flow. 

The  amount  of  d.c  collector  current 
that  flows  la  determined  the  same  as 
with  fixed  bias.  The  bias  current 
supplied  by  the  battery  to  the  col- 
lector la  limited  by  resistor  {  ). 


//////////////////// 
Rc 


U.b.  The  voltage  drop  across  Rc  subtracts  from  the  battery  potential,  and  a  reduced  voltage 
is  applied  at  the  (  ). 


//////////////////// 
collector 


ll*c.  The  collector  voltage  is  the  potential  that  la  used  to  provide  the  base  bias  current. 
Resistor  R^  provides  a  path  for  the  current^  and  the  amount  of  current  that  flows 
through  the  base  is  determined  by  the  (  )  of  Rb. 


//////////////////// 
resistance,  value 


It  .d.  Besides  the  resistance  of  Rb,  the  amount  of  base  current  that  flows  also  depends  on 
the  voltage  at  the  {  } . 


//////////////////// 
collector 


120 


erJc 


21  ff 


11.0.  If  any  temperaturti  chane^c  varies  the  internal  impedance  of  the  transistor^  the  bias 
(  )  through  the  transistor  will  also  tend  to  change. 


mimnnniinni 

currents 


\\A.  However^  if  the  d«c  collector  current  increases  or  decreases,  the  voltage  drop  across 
(  )  wiU  change  accordingly.  This  will  raise  or  lower  the  voltage  at  the  (  ). 


iiiiiiiiiiiiiiiiiiii 

resistor  Rc  collector 


ll.g.  If  the  collector  current  goes  up,  the  collector  voltage  will  go  (  ). 

nniniiiiiminn 

down 

ll.h.  ThlSr  in  turn,  will  lower  the  bias  voltage  applied  to  the  (  )  circuit. 

innmimiiniiii 

base 

11.  L  Base-to-ennltter  current  will  then  go  (  }. 

ininiiiiiiiiiiiiii 

down 

11.1.  This  win  reduce  (  )  current,  returning  it  to  normal. 

iimnnniiiiniii 

collector 

ll.k.  The  tendency  of  collector  current  to  change  is  counteracted  by  (  )  feedback 

through  the  base  bias  circuit. 

Ullllllllllllllllll 

negative,  degenerative 
U.l.  This  circuit  has  thermal  (  ). 

IIIIIIIIIIIIIIIIIIII 
stability 
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U*m.  Any  ctiange  in  collector  current  will  ciluso  a  correBpondlng  chwgtt  in  baa6  current  to 
return  the  (  )  to  ittf  normal  d'C  level. 


nnnnnnmum 

collector  current 


ll.n.  This  method  of  biasing  is  called  ( 

nnnnnnnnnn 

self' bias 


U.o.  Why  is  it  called  acL^'bias? 

nunnnnunnn 

Because  the  operation  of  the  transistor  Itself  has  a  controlling  effect  on  the  bias 
currents  that  flow. 

12.a.  Name  the  two  methods  of  bias  you  have  learned  about. 

//////////////////// 

fixed-biaa  and  seU.biaa. 

12.  b.  What  la  the  disadvantage  of  fixed  biaa? 

//////////////////// 
It  has  no  thermal  stability. 

13.  Since  the  aelf-blas  circuit  you  have  Just  learned  about  used  negative  feedback  for  thermal 
stability,  it  also  has  a  disadvantage.  The  a-c  signals  in  the  collector  circuit  vtU  also  be 
fed  t>ack  to  the  base  circuit.  This  negative  feedback  reduces  the  (  )  of  the  stage. 

//////////////////// 
gain 

H.a.  However,  the  aelf-blas  circuit  can  be  modified  00  that  there  will  be  no  negative  feed' 
back  for  the  {  )  signals. 

mnmnnnnun 

a-c 
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ifi.a.  Another  method  of  obtaining  th^rmai 
jitabllity«  li  with  &  circuit  thatprovidflfl 
emitter  blae. 

Since  th«  tranaUtor  here  la  a  PNP 
type,  the  baae  muet  b«  (  )  In 

respect  to  the  emitter  to  forward  bias 
the  input  circuit. 


//////////////////// 
negative 


16.b.  RelaUve  to  the  base,  then,  the  emitter  should  be  (  ). 

//////////////////// 
positive 

16.C.  Battery  Eb  applies  a  negative  voltage  to  the^  T 

//////////////////// 
base 

16.d.  Resistor  Re  is  in  the  emitter  circuit  and  produces  a  voltage  drop  that  corresponds  to 
the  value  of  emitter  current*  This  voltage  drop  applies  a  (  )  voltage  to  the 

emitter. 

//////////////////// 
negative 

16.e.  Since  the  emitter  should  be  positive  in  respect  to  the  base,  the  voltage  drop  produced 
by  Re  (aids/opposes)  the  forward  bias. 

//////////////////// 

opposes 

16.  f.  The  actual  base  bias  current  that  Hows  depends  on  the  difference  between  the  voltages 
produced  by  (  )  and  ( 

//////////////////// 

Eb  Re 
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16,g,  If  the  temperature  of  the  transistor  goea  up,  the  currents  through  the  tranaletor  will 


//////////////////// 
up 


16. h.  An  Increased  emitter  current  will  produce  a  (  )  voltage  drop  across  Re, 

//////////////////// 
greater,  larger 

I6pip  Since  this  voltage  drop  opposes  the  voltage  supplied  by  Kb,  the  forward  bias  of  the 
base-emitter  circuit  goes  (  )* 

//////////////////// 

down 

16,  J,  This  reduces  base  current,  which  (  )  the  collector  and  emitter  current  to 

normal* 

//////////////////// 
lowers 

16.k,  This  circuit  has  thermal  ( 

//////////////////// 


sublllty 


16p1,  What  kind  of  bias  does  this  circuit  use  to  get  this  stability? 

//////////////////// 
emitter  bias 

16,m<  The  emitter  resistor,  Re,  provides  (  )  feedback, 

//////////////////// 
negative,  degenerative 

16,n,  Capacitor  Ce  bypasses  Re  so  that  there  is  no  negative  feedback  for  (  )  signals* 

//////////////////// 
a^c 
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tO.o.  U  you  look  al  th«  diagram  al  the  begittnlng  of  thla  frame*  you  will  Me  that  the  buic 
tilae  current!  for  the  circuit  are  provided  by  the  batteries  and  the  seriea  limiting 
reeietorB,  This  is  actually  (  )  bias. 

//////////////////// 
axed 


16.p.  The  emitter  bias  is  really  needed  only  to  provide  ( 

//////////////////// 
thermal 


)  atabiUty. 


17,  This  circuit  shows  how  emitter  bias 
statoiUty  is  obtained  with  a  circuit  that 
has  only  one  battery  to  provide  bias 
currents.  Resistors  Hb  and  (  ) 
limit  base-emitter  current  flow. 


€5 


iiiJiiiinnnnNn 

Re 


18.a.  What  type  of  bias  is  thla? 


IIIIIIIIIJIIIIIIIIJI 


fixed  bias 
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lib.  What  type  is  tiUsf 


> 


//////////////////// 


sell-bUs 


18.C.  What  types  are  shown  here? 


//////////////////// 


fixed  bias  and  emitter  bias 


18.d.  W)iat  is  the  di»advaiit.i^e  of  the  circuit  shown  in  frame  18.2.^ 

//////////////////// 
no  thermal  stability 


138 


217 


ERJC 


li.k.  often,  th«  different  forma  of  bUa  atabllixatlon  clrculte  can  be  combined  to  get  greater 
thermal  etability* 


Draw  a  circuit  ualng  eeU-biae. 


uniiiiiununiii 


f  V' 


I9.b.  This  circuit  couplea  Um  changes  in  d-c  collector  current  back  to  tlM  ( 
atabllize  the  circuit. 

uunnunnnnu 

bas€ 

ld,c.  Now  add  emitter  bias  to  the  self-bias  circuit, 

iiiiiiiiiiiiiniiiii 


)to 
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19. d.  This  ch  cult  alao  has  the  changed  la  d*c  emitter  current  coupled  back  to  the  { 
to  stabilize  the  circuit. 


) 


llllllllllllllllllll 
bade 

19.  e.  By  ualng  both  methods  of  blaa  together,  much  greater  (  )  is  obtained. 

hllllllllllllllllll 

 thermal  atablUty  

STABILIZINC  CIRCUITS 

20.  a.  The  bias  stabilizing  clrculta  that  vere  taught  in  the  prevloua  frames  first  allowed  the 

transistor  current  to  change  with  temperature,  andthenhad  this  current  change  produce 
a  corresponding  voltage  change.  The  voltage  change^  then,  was  fed  back  degeneratlvely 
to  return  the  transistor  current  to  normal. 

The  seU*blas  circuit  fed  back  changes  In  (  )  voltage. 

llllllllllllllllllll 
collector 

20.b.  The  emitter^blas  circuit  fed  back  changes  In  (  )  voltage. 

llllllllllllllllllll 
emitter 

2L  For  stabilizing  circuits  to  be  most  effective^  they  should  prevent  the  translator  ctirrent 
from  changing  in  the  first  place.  One  way  to  do  this  is  to  have  the  circuit  automatically 
produce  an  effect  on  the  transistor  that  ls(  )  to  the  normal  effect  of  temperature. 

llllllllllllllllllll 
opposite 

Temperature  compensation  can  be  accomplished  by: 

a.  having  one  transistor  stabilize  another. 

b.  using  a  thermistor  to  control  emltter^base  current. 

c.  using  a  semiconductor  diode  to  control  emltter^base  current. 

d.  using  a  semiconductor  diode  to  control  collector -base  current. 

e.  using  combinations  of  the  above. 

These  are  covered  in  the  following  frames*  

138 
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ThlB  diagram  Bhowa  a  circuit  in  which  one  transistor  is  used  to  stablize  another. 
Transistor  Ql  uses  emitter  bias  to  stabUze  Itseli;  and  the  bUs  of  Ql  is  appUed  to 
transistor  Q2  to  stabUze  that  stage.  The  base  of  transistor  Q2  is  returned  to  the 
(  )  of  transistor  Ql. 

nnnnnmiiiiiii 

emitter 

22,b,  The  emitter  of  transistor  Q2  is  returned  to  the  (  )  of  transistor  Ql  through 

ground. 

HHiiiiinnnmn 

base 

22.C.  Because  of  these  connections,  the  polarity  of  the  bias  voltage  of  transistor  Ql  is 
(  )  when  It  is  applied  to  Q2, 

mnmmniiniii 

reversed 

22.d.  Since  Ql  Is  an  NPN  transistor  and  Q2  is  a  PNP  transistor,  they  are  both  (  T 
biased. 

iiimiiiimnmn 

forward 

22.e.  Resistor  Re  stabilizes  transistor  Ql  by  providing  (  )  bias. 

iiiuiiiiiiiunnn 

emitter 
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22*  f.  If  the  temperature  increased*  the  emitter  bias  (iitcreases/docreasea)  the  forward  bias 
of  Ql* 


//////////////////// 
decreases 


22*g*  Since  the  emitter-base  voltage  of  QL  is  applied  to  the  emttter^base  section  of  Q2*  any 
increase  in  temperature  also  causes  the  forward  bias  of  Q2  to  (increase/decrease)* 


//////////////////// 
decrease 


22.h.  Thu3,  Q2  is  st:ibillzed  by  the  emltter^base  bias  voltage  of  ( 

//////////////////// 


Ql 


23.a.  If  both  transistors  in  the  previous  circuit  were  the  same  type,  and  the  emitter-base' 
voltage  of  transistor  Qi  is  to  be  applied  to  the  emitter-base  section  of  transistor  Q2, 
the  base  of  transistor  Q2  would  be  returned  to  the  (  )  of  transistor  Ql* 


//////////////////// 
base 


23*b.  The  emitter  of  transistor  Q2  would  be  returned  to  the  ( 

//////////////////// 

emitter 


)  of  transistor  Ql* 


23  X. 


0| 


OUTPUT 


Current  flow  through  the  emitter  resistor  of  Ql  consists  of  ( 

llllllllllllllllllll 


)  and  ( 


le 


1 


le. 
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23.d.  Thufl,  a  chatiga  in  th«  «mltttr  currant  ot  elthtr  traiutfitor  attactA  (ont  trusiitor/ 
both  tranalitori). 

//////////////////// 
both  translatora 


24. a. 


INPUT 


OUTPUT 


This  diagram  BhowB  a  circuit  using  a  tharmlEtor  tosUbllize  emitter-base  current. 
The  thermistor,  labeled  RT»  has  a  negative  temperature  coelUcient;  as  the  temperature 
Increases^  the  resistance  ot  the  thermistor  (  )* 

//////////////////// 
decreases 


24*b*  The  thermistor,  RT»  and  resistor  Rl  form  a  voltage  dividing  networlcivfalch provides 
forward  bias  voltage  tor  the  (  )  section  of  the  transistor. 

//////////////////// 
base. emitter 


24. c.  II  the  temperature  ot  the  transistor  IncreaaeSf  emitter  current  tends  to  (  Jl 

//////////////////// 
Increase 

24.d,  However,  the* resistance  ot  the  thermistor  also  decreases  vhen  the  temperature  rises* 
This  causes  the  voltage  drop  across  It  to  (  ). 

//////////////////// 
decrease 
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24.e.  A  reauced  voltage  drop  acroM  the  thermifltor  reduces  the  ( 
bafle  emitter. 

mnnnnmmm 


)  applied  to  the 


forward  bias 


24,  f.  This  tends  to  {  )  emitter  current. 

mnnmnnnnn 

reduce 

24.g,  The  tendency  of  the  emitter  current  to  go  up  with  temperature  ts  thereby  (  T 
by  the  thermistor  action. 

iiiiiiiiiiiiiiiiiiii 

canceled 

24.h.  For  beat  stabilization  results,  the  negative  temperature  coefficient  of  the  transistor 
should  be  approximated  by  that  of  the  (  ). 

//////////////////// 
thermistor 


24. 1.  Capacitor  cb  prevents  the  thermistor  from  being  aUected  by  any  ( 

IIIIIIIIIIIIIIIIIIII 

a*c,  signal 

25. a. 


)  voltagea. 


INPUT 


OUTPUT 


The  circuit  in  the  schematic  Is  similar  to  the  circuit  using  thermistor  stabilization, 
except  that  a  semiconductor  diode  is  used  instead  of  a  thermistor.  It,  too,  stablizes  the 
circuit  by  keeping  emitter-base  current  steady. 

In  this  circuit,  the  temperature  coefficient  of  the  transistor  should  be  matched  by  that 
of  the  (  ). 

//////////////////// 
diode 
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25.b.  Th6  diode  la  blaaed  flo  that  It  will  b«  aifected  by  temperature  In  the  same  way  that  the 
tranalstor  la.  The  diode  la  {  )  blaaed. 


//////////////////// 
forward 


The  reslatance-veraua- temperature  characteristic  of  a  thermlator  cannot  matchthat  of 
a  transistor  as  closely  as  a  diode  can.  Better  stabilization  Is  provided  by  the 
(thermistor/semiconductor  diode). 


//////////////////// 

semiconductor  diode 


(NPUT 


OUTPUT 


1 


This  circuit  uses  a  semiconductor  diode  to  stabllze  collector -baae  current.  To  follow 
the  resistance  changes  of  the  collector -base  section^  the  diode  should  be  biased  the 
same  aa  the  collector -base  junction.  The  diode  Is  (  )  biased. 

//////////////////// 

reverse 


26.b,  Collector *base  current  Is  with  (  )  carriers. 

//////////////////// 
minority 


26.C,  When  the  temperature  erf  the  transistor  goes  up,  the  flow  of  collector  minority  carriers 
tends  to  (  )^ 

//////////////////// 

increase 
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26.d,  An  Increased  number  of  minority  carriers  In  the  base  would  also  cause  an  Increase 
In  {      -       )  current  flow. 


//////////////////// 
base -emitter 


26. e.  Howevert  the  Increase  In  temperature  also  lowers  the  diode  (  ). 

//////////////////// 

resistance 

26.1.  The  lower  diode  resistance  allows  the  excess  collector  minority  carriers  (Icbo)  to 
How  out  of  the  base  to  the  battery.  Base-emitter  current  will  then  be  (  ). 


//////////////////// 
stabilized 


27. a. 


INPUT 


OUTPUT 


Thl3  diagram  shows  a  circuit  vising  double  diode  stabilization.  It  Is  actually  a  comtilna- 
tlon  of  the  two  previous  diode  stabilization  circuits. 


Diode  CRl  is  ( 


)  biased. 

//////////////////// 

forward 


27.b.  When  the  temperature  rises,  CRl  (  )  the  base-emitter  bias  voltage. 

//////////////////// 
lowers 

27. c.  This  prevents  the  base- emitter  current  from  (  ). 

//////////////////// 
increasing 
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27. d.  Dlodo  CR2  iB  rov0ri«  blaB«d.  It  fltabllizos  bafl«-*( 

)  current. 

//////////////////// 

coUoctor 

REVIEW 

28.2.  Draw  z  Uxed-blas  circuit  using  one  batt«ry. 

//////////////////// 


€5 


INPUT  R^^ 


^R-  OUTPUT 


3:i2V 


28.b.  What  is  the  dlsadrantage  of  this  circuit? 

//////////////////// 


No  thermal  stability. 


29.  What  two  methods  of  biasing  provide  thermal  stability? 

//////////////////// 

S^if  bias  and  emitter  t^las. 


30.a*  Draw  a  aelf^bias  circuit. 


//////////////////// 


1 


X 
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30.b.  Generallyi  tiow  doe**  the  circuit  worki  and  how  does  It  stabilize  Uie  clrcuiiv 

//////////////////// 

Under  static  condltlonsi  the  amount  of  emitter  and  collector  current  that  flows  pro- 
duces a  certain  level  of  collector  voltage*  Thla  voltage  Is  applied  through  Rb  to  the 
base.  Rb  limits  the  base  current  to  the  proper  value.  If  any  temperature  variations 
cause  the  transistor  d-c  bias  currents  to  change,  the  collector  voltage  will  also 
change.  This  wtU  vary  the  base  blasi  causing  the  transistor  currents  to  return  to 
normal. 

30.  c.  What  Is  the  purpose  of  capacitor  Cb? 

//////////////////// 

Cb  prevents  degenerative  feedback  of  the  a-c  signal. 


31. a.  Draw  an  emitter-bias  circuit  that  has  two  batteries. 

//////////////////// 


I* 


31.b.  Generally,  how  does  the  clrcmt  work,  and  how  does  It  provide  thermal  stability? 

//////////////////// 

Battery  £b  provides  the  basic  bias  voltage  for  the  base-emitter  section.  Emitter 
current  flow  through  resistor  Re.  thoughiprckducesavoltage  drop  that  counteracts  the 
Eb  voltage.  When  emitter  current  changes  with  temperature,  the  drop  across  Re 
varies.  This  causes  the  emitter-base  bias  voltage  and  current  to  change  to  return  the 
emitter  current  to  normal. 

31. c.  What  is  the  purpose  of  Ce? 

//////////////////// 
Ce  prevents  degenerative  feedback  of  the  a-c  signal. 
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31.d.  Draw  an  emltttr-blas  circuit  that  has  only  one  battery. 

//////////////////// 


32,  What  kind  of  feedback  does  the  sell-blafl  and  emitter-bias  circuits  use  to  obtain  thermal 
stablUty? 


//////////////////// 
negative,  degenerative 


33*a*  Draw  a  circuit  using  both  sell  and  emitter  bias. 

//////////////////// 


33.b.  What  I3  the  advantage  of  this  circuit? 

//////////////////// 
Its  thermal  stability  Is  greater  than  U  only  one  type  of  bias  were  used. 
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34.  The  aeU^blAJ  and  emitter-biu  clrculti  mu«t  flr«t  allow  JOin«  current  InjtAbllity  to 
occur  before  they  can  work.  A  good  Jtabllizing  circuit  Jhould  prevent  the  change  from 
occurring.  It  can  do  this  by  producing  an  {  )  change. 


//////////////////// 
opposite 

35.  Such  circuits  use  extra  parts  that  are  alfected  by  temperature  In  a  manner  similar  to 
that  of  the  transistor.  Name  two  such  parts. 

//////////////////// 
Semiconductor  diodes  and  thermistors. 

36.  a.  Draw  a  circuit  that  uses  a  semiconductor  diode  to  stabilize  base-emitter  current. 

//////////////////// 


INP*JT 


3S.b.  What  Idnd  of  bias  does  the  diode  have? 

//////////////////// 
forward 


36. c.  Generally,  how  does  the  drcnilt  work? 

//////////////////// 

Any  temperature  variations  tlut  tei^  to  affect  the  transistor  d-c  currents  also  affect 
the  diode.  The  diode  changes  its  reAlvtance  with  temperature,  causing  the  base- 
emitter  voltage  and  current  to  change  In  a  direction  that  is  opposite  to  how  the 
transistor  Is  affected.  This  prevents  any  change  from  occurring. 


ERIC 
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3e.d.  DMi  the  circuit  dlUer  whan  a  thfttmlstor  li  u«6d7 

//////////////////// 
It  do6sn't.  Th«  thirmiitor  is  merely  used  In  place  of  the  diode. 


30«e.  U  the  tirmlnali  of  the  diode  vere  reverted,  eo  that  It  wae  reverse  btajed*  irhat  cur- 
rent In  the  traneUtor  would  be  etabiUzed? 

//////////////////// 
baee- collector  current 

3e.  f .  Can  two  diodes  be  ueed  in  the  same  circuit,  one  forward  biased  and  one  reveree  biased? 

//////////////////// 
Yes. 


37«a.  Describe  how  one  transistor  can  be  used  to  etabUlze  another* 

//////////////////// 

A  transistor  that  has  emitter  bias  to  stabilize  Itself  can  apply  its  emitter-base 
voltage  to  another  transistor. 

37.b.  Generally,  U  the  transistor  that  does  the  stabUzlng  is  an  NPN  type*  the  other  transistor 
is  a {  )  type* 

//////////////////// 
PNP 

37*c.  Because  of  this,  the  em^Her  of  the  PNP  transistor  Is  returned  to  the  (  )  of  the 

NPN  transistor, 

//////////////////// 
base 


149 


o  2  ^  ( ) 

ERIC 


SUMMARY 


L  The  values  of  the  base  rttlstor,  ba«e  battery,  collector  rtalAtor,  and  collector  battery 
determine  the  blae  currents  and,  therefore*  the  operating  point  of  a  traneletor,  The  oper* 
ating  polntls  Important  because  ltdetermlnes  how  weU  the  transistor  performs  Its  partic* 
ular  function. 


5  10  15  20  25 

COLLECTOR  vOLTS 

In  picking  an  operating  point,  care  must  betaken  to  stay  within  maximum  eate  values  given 
by  the  manufacturer.  These  Include  maximum  collector  voltage,  emitter  voltage,  collector 
current,  and  power  dissipation.  Sometimes,  the  maJdmumpower  dissipation  curve  is  shown 
with  a  dotted  line. 


CaLCCTOH  VOLTS 

The  first  Step  in  picking  an  operating  point  Is  to  draw  tne  load  11m-  The  load  line  in  the 
Illustration  represents  a  1200-obm  collector  resistor  and  a  12'VOlt  collector  battery.  Max* 


Imum  collector  current  Is  found  by  the  fbrmuU  Ic  =  .    «         ^  10  MA. 


Once  the  load  line  is  drawn,  an  operating  point  is  picked  to  produce  the  desired  ctirrents 
and  to  allow  a  fairly  linear  signal  swing  above  and  below  the  operating  point  along  the  load 
line. 


ISO 
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5.  The  optrating  point  in  tht  LUui" 
tratLon  falli  on  th«  00  ^  bajie 
currtnt  curV*.  Th«  baie  r«ili- 
tor  Li  computed  by  th«  formula 

Rb  «         Aimimlng  tht  iam« 

12-voLt  battery  Li  uied«  th«n  Rb 

=  133,000  ohmi.  The 

op«ratlng  poLnt  aiao  ahows  that 
th«  collector  current  Li  5  MA. 
The  emitt«r  current  Li  th«  ium 
of  the  baM  and  coll«ctor  cur* 
renti,  or  5*00  MA. 


f      \      \      \      \  \ 


T  1  »  T  T  f   (  I  ^ 


10  15 
COLLtCTOR  VOLTS 


20 


25 


6.  Thii  cLrcuLt  ihowi  all  the  valuii  determLned  Ln  th«  privloua  itepi. 


INPUT 


90^0 


133K, 


5,09mo^r 


12V 


5mo 


rV2K 


OUTPUT 


12  V 


The  cLrcult  can  be  redrawn  io  that  only 
on«  battery  Li  uied*  Since  the  blai  cur- 
renti  are  produced  by  a  fixed  t>attery 
value  and  fixed  resLitori,  thecLrcuLtuics 
FIXED  blai. 


^I2V 


8.  A  change  Ln  temperature  cauiei  the  operating  point  to  shift  Ln  a  traniLitor  cLrCuit  uilng 
fixed  bias*  Thus,  fixed  bias  does  not  provide  thermal  itabillty. 


Since  the  collector -to- emitter  voltage  in 
this  circuit  is  used  to  bias  the  base-to- 
emitter  Junction,  the  circuit  uaei  SELF 
btas.  An  Increase  in  temperature  de- 
creases the  Internal  Impedance  of  the 
transistor^  causing  an  Increase  In  cur- 
rent*  This  Increases  the  voltage  drop 
across  He,  lowering  the  coUector«to« 
emitter  voltage.  This,  In  turn,  reduces 
the  voltage  applied  to  the  base^emltter 
iection,  so  that  the  Increase  In  current 
tends  to  be  minimized.  Thus,  the  circuit 
uses  negative  feedt>ack  toprovide thermal 
itabUlty. 


1 
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lo!  Since'  heKiftve ^lg'e3bacR~ cause 0  a  Tom" 
of  ampUflcaUont  the  circuit  muat  be 
modified  bo  that  tho  a->c  fllgnai  at  the 
output  is  not  fed  t>ack  to  the  bane*  By 
making  the  baae  reetator  two  separate 
resistors  uid  bypassing  their  Junction 
through  a  capacitor  to  ground^  the  a-c 
signal  is  decoupled  from  the  feedback* 
This  prevents  a-c  degeneration. 


11.  This  circuit  provides  thermal  stabUlty 
by  developing  a  compensating  voltage^ 
called  EMITTER  blas^  across  emitter 
resistor  Re.  The  polarity  of  this  voltage 
is  such  that  It  opposes  the  emltter-tjase 
forward  bias  voltage*  An  Increase  In 
current*  caused  by  an  Increase  in  tem- 
perature* Increases  the  voltage  drop 
across  Re.  This  reduces  the  forward 
bias*  thereby  minimizing  the  increase 
In  current.  Capacitor  Ce  prevents  a-c 
degeneration* 


12*  The  circuit  using  emitter  bias  can  be 
modiaed  so  that  only  one  battery  Is  used* 


13.  By  combining  different  bias  stablllzaUon  circuits,  greater  thermal  stability  can  be  ob- 
tained than  that  provided  by  any  one  circuit. 


14.  This  circuit  shows  a  combination  of 
self  bias  and  emitter  bias. 


152 


233 


15.  Traiiilitor  Ql  usei  emitter 
blae.  If  the  temperature  in- 
creaaei«  the  emltter«baee  for- 
ward blai  of  Ql  decreaeee. 
Since  thli  voltage  le  applied  to 
the  emltter-baee  diode  of  Q2,  It 
le  alio  atablUzed. 


16.  If  the  temperature  Increaeea, 
the  reelatance  of  the  thermis- 
tor decreaeee,  caualng  the  volt- 
age drop  acroea  Rltolncreaee. 
Thla  reduces  the  emltter*baee 
forward  tdae.  Thecapacltorby- 
paseee  the  a-c  signal. 


17.  The  clrcultoperatesintheaame 
maimer  aa  thermistor  stabili- 
zation. However,  the  diode 
characteristics  more  closely 
approximate  those  of  the  tran* 
slstor,  thereby  providing  tietter 
stabUlty. 


INPUT 


16^  If  the  temperature  increases, 
base- collector  minority  car- 
riers increases.  If  base* 
collector  minority  carriers  are 
allowed  to  accumulate,  emitter 
current  will  rise.  However,  the 
resistance  of  the  diode  de« 
creases  with  an  Increase  in 
temperature,  allowing  the  mi- 
nority carriers  to  flow  through 
the  diode. 


INPUT 


OUTPUT 


19,  Diode  CRl  Is  forward  biased 
and  compensates  for  changes 
in  the  emltter-t)ase  Junction  re- 
sistance. CR2  is  reverse  biased 
and  compensates  for  changes 
in  the  base- collector  minority 
carriers.  If  the  temperature 
Increases,  the  voltage  drop 
across  CR2  decr^^ses,  this  re- 
ducing the  vol^Age  applied  to 
the  base^er/.Uter  diode. 


INPUT 


OUTPUT 
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■  *  

TiM  foUoivlng  tesBOnB  APPly  the  knowledge  you  have  obtained  bo  about  transistor 
fundamentals  to  many  basic  transistor  circuits.  You  will  be  able  to  understand  the 
operation  of  these  circuits  only  if  you  have  a  thorough  gr»3p  of  the  fundamental 
principles  covered  In  the  previous  sections. 


1.    PUSH-PULL  POWER  AMPLIFIER: 


The  schemaUc  shows  a  class  B  push-pull 
power  amplifier.  The  circuit  uses  two  NPN 
transistors  biased  near  cutoff.  Because 
transformer  Tl  applies  signals  that  are  180 
degrees  out  of  phase  to  each  transistor,  one 
conducts  while  the  other  is  cut  off.  The 
transistors  conduct  only  during  the  half  cycle 
that  forward  biases  the  circuit.  As  a  result. 


each  transistor  only  amplifies  and  reproduces  half  a  sine  wave.  But,  alnce  both  transistors  feed 
the  same  output  transformer*  the  two  half  cycles  are  combined  to  produce  a  complete  signal. 
Actually,  a  small  forward  bias  Is  applied  to  the  base^emltter  Junctions  of  both  transistors. 
This  bias  Is  supplied  t>y  the  voltage  divider  formed  by  Rl  and  R2.  The  purpose  of  the  bias  la  to 
eliminate  crossover  distortion.  


2.  Distortion  exists  with  zero  bias  tMcause 
collector  current  becomes  very  non^ 
linear  as  cutoff  Is  a^f^proached,  as  shown 
in  the  diagram. 


BASE  CURRENT  ^A) 


3,    The  diagram  shows  the  characteristic 


curves  of  both  transistors  back  to  back 
for  push-pull  operation.  A  sine  wave'  In- 
put wtli  produce  a  distorted  output  be- 
cause of  the  nonllnearlty  of  the  curves 
near  cutoff. 
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By  putting  a  «inaiL  forward  btaaontha 
traniUtor«t  ftach  wlU  conduct  before 
ttke  other  geti  to  cutoff.  Thli  cauae«  the 
curvee  to  overlap,  so  that  in  the  cutoff 
region  the  net  result  ie  a  straight  une 
continuation  of  the  two  curvee*  This 
allows  fli  linear  reproduction  of  the  elgnaL 


OUTPUT 

COLlCCTOft  CURRENTS 


5. a. 


In  Um  above  circuit,  are  the  tranalstora  NPN  or  PNP? 

//////////////////// 

NPN 


S.b. 

Since  It  ia  a  puah-pull  circuit,  both  translstora  are  operated  near  ( 

//////////////////// 

cutoff 

5.C. 

The  signals  applied  to  each  transistor  by  Tl  are  out  of  (  ). 

//////////////////// 

phase 

S.d. 

While  one  transistor  Is  cut  oft,  the  other  (  )■ 

//////////////////// 

conducts 

15$ 
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S.e.  Each  transLtftor  conducU  on  a  (  )  cycle  ot  a  sine  wave. 

//////////////////// 
hall 

i*t  The  ^  tuLlf  cycles  trom  both  tranMstorsarecomMned  In  (  )  to  form  a  complete 

signal. 

//////////////////// 
transformer  T2 

^*g*  The  voltage  drqp  across  H2  (  )  biases  the  transistors* 

//////////////////// 
forward 

8*h*  Since  R2  has  a  much  lover  value  than  Rl,  the  forward  bias  Is  very  (hlgVlow)* 

//////////////////// 
low 


S.  L  The  small  forward  bias  prevents  the  output  signal  from  being  ( 

//////////////////// 
distorted 


6.a.  Distortion  Is  due  to  the  (linearity/ 
nonllnearlty)  of  a  characteristic  curve. 


0  30  60  90 
8ASE  CURRCNT  (^A) 


//////////////////// 
nonllnearlty 


ise 
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e.b.  Tbt  currc  In  the  diagram  btconuM  nonUiwar  mat  { 

mmnmmmm 

cutoff 


7: 


6,c.  TtMreforet  an  amplifier  will  distort  more  U  Um  forward  bias  I0  (low/sero). 

//////////////////// 
zero 


7, a.  Ttw  diagram  shows  two  cbaractsrlstlc 


curves  back  to  back  for  push-pull  opera- 
tloa  with  (  )  forward  bias. 


//////////////////// 
zero 

7.b.  With  zero  forward  blas>  each  transistor  reaches  cutoff  (before/after)  the  other  conducts. 

//////////////////// 
before 

7.C.  Because  of  this,  the  oulput  signal  is  (  ). 

//////////////////// 

distorted 
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8«a.  Distortion  can  be  preventad  tyy  putting 
a  fltnall  {  )  blad  on  the  tran- 

sistor. OUTPUT 


//////////////////// 
forward 


8.b.  with  forward  bias,  each  transistor  reaches  cutoff  (before/after)  the  other  conducts. 


//////////////////// 
alter 


8.C.  Since  DOTH  transistors  conduct  In  the  nonlinear  region^  the  result  Is  a  more  (  ) 
curve  In  this  region. 


//////////////////// 

linear 


8.d.  This  allows  an  output  signal  to  be  produced  without  ( 

//////////////////// 
distortion 
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IT    DIRECT'COUPLED  AMPLIFIER: 


A  dlrtct-^ccnqpL^  ampUtltr  hu  tb«  Itqnit 
circuit  of  OM  atagt  directly  conntcttd  to  th« 
output  of  another  0tag«*  Tlwre  li  no  blocking 
of  d-c  voLtagtff.  Th*dlr«ct-coupLedaitipU£Ur 
can  bo  used  «ti«n  Ytry  low  frvquency  r«-> 
ipoHM  la  required.  Since  no  coupling  capacl-^ 
tor  Ifl  uMd,  the  circuit  will  amplify  the  lower 
frequencies  without  appreciable  falloCf  In 
reeponee.  By  using  MPM  and  PNPtran«l«tora, 
fewer  parts  are  required  because  the  col-^ 
lector  circuit  of  one  can  be  used  to  bias  the 
base  circuit  of  the  other* 


10, 


Rl  and  Bb  form  a  voltage  divider.  The  volt-^ 
age  across  Bb  forward  biases  the  emitter- 
base  Junction  of  Ql.  This  allows  collector 
current  to  flow,  producing  a  voltage  drop 
across  RcL  The  collector  of  Ql  Is  directly 
connected  to  the  base  of  02,  and  the  emitter 
of  Q2  Is  returned  to  Since  Q2  Is  &  PNP 
type,  the  voltage  across  He  1  makes  the  emit- 
ter more  positive  than  the  base  and  forward 
biases  Q2.  The  collector  of  Q2  U  returned 
to  ground,  and  so  Is  more  negative  than  the 
base;  the  collector  circuit,  then,  Is  reverse 
biased. 


IL 


Ot 

< 

A  positive  going  Input  signal  aids  the  forward 
bias  of  QL  Collector  current  goes  up.  In- 
creasing the  voltage  drop  across  RcL  This 
increases  the  forward  bias  of  Q2,  causing 
Its  collector  current  to  go  \q>t  As  a  result, 
the  voltage  drpp  across  Rc2  increases,  mak- 
ing the  collector  of  Q2  more  positive.  When 
the  signal  goes  negative,  the  action  Is  re- 
versed. 
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IMVT* 


OUTPUT 


A  direct- coupled  unpllUer  gives  good  {  )  frequency  response. 

//////////////////// 
low 

12.b.  Between  the  two  stages,  there  Is  no  blocking  of  (  )  voltages. 

//////////////////// 
d-c 

12. c.  The  voltage  drc^  across  Rb  (  )  biases  the  base-emitter  luncUoa  oi  Ql. 

//////////////////// 
forward 


12.d.  This  allows  ( 


)  current  to  flow  through  Rcl. 

//////////////////// 
collector 


12. Rcl  Is  connected  across  the  (  )  junction  of  Q2. 

//////////////////// 
base '^emitter 


12.     Current  througb  Rcl  produces  a  voltage  drop  that  ( 
Junction  of  Q2. 

//////////////////// 
forward 


)  biases  the  base-emitter 
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I2.t.  Q2  Is  a  (  )  typ«  of  translator. 

//////////////////// 
PNP 


12.h.  The  collector  ot  Q2  is  more  (  )  than  th«  BASE  ot  Q2. 

//////////////////// 
negative 

12^  A*  Tbe  collector  ot  Q2  Id  (  )  blaaed. 

//////////////////// 
reverse 


13*1* 


A  positive  going  Input  signal  (aids/ opposes)  the  forward  bias  of  Ql. 

//////////////////// 
aids 

13.b.  This  causes  collector  current  to  (  ). 

//////////////////// 
Increase 

13.C.  An  Increase  In  collector  current  (  )  the  voltage  drop  across  Rcl. 

//////////////////// 
Increases 
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13.(1.  This  incr€Mfla  the  (  )  blu  of  Q2. 

mmmimnnm 


forwd 

13.€.  Kb  a  resulti  the  collector  current  of  Q2  ( 

//////////////////// 

Increaees 


13.  f.  IncreMing  the  collector  current  ol  Q2  (  )  the  voltage  drop  acroM  Rc2. 

//////////////////// 


increases 


13.g.  Tble  makea  the  collector  of  Q2  more  (  ). 

//////////////////// 

positive 


13.h*  When  the  input  signal  goes  negative,  the  output  signal  soes  ( 

//////////////////// 


negative 


13. 1*  Emitter  resistors  Rel  and  Re2  provide  (  }  stabilization  to  both  stages. 

//////////////////// 


emitter 


14,  TRANSFORMER-COUPLED  AMPUFIER: 

Transformer  coupling  Is  often  used  to  match 
the  output  of  on«  stage  to  the  Input  of  tlie 
next.  A  comm<m  emitter  circuity  for  example, 
has  an  input  Impedance  of  about  1,000  ohms 
and  an  outputlmpedance  of  about  lO^OOOohms* 
If  other  than  transformer  coiQiUog  Is  used, 
the  mismatcb  between  stages  results  in  a 
considerable  signal  loss*  Tbus,  transformer 
coupling  keeps  tbe  etHdency  high,  so  that  fewer  stages  are  required  to  obtain  the  de- 
sired output  amplitude*  Although  tbe  transformer  steps  down  the  voltage,  It  steps  tbe 
current,  and  so  provides  a  current  gain*  Since  transistors  are  current-sensitive  devices, 
the  gain  of  the  stage  Is  greater. 

Transformer  Tl  Is  a  step-down  type,  so  that  tbe  tiigh  output  impedance  of  Ql  Is  matclied 
to  tbe  low  ii^nit  Impedance  of  Q2.  Capacitor  Cb  prevents  tbe  positive  d-c  voltage  on  the 
base  of  Q2  from  twlng  aborted  to  ground  through  tbe  low  d-c  resistance  of  the  secondary 
winding  Tl* 
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Ql  and  Q2  are  connected  ag  common  (  )  ampUflera. 

//////////////////// 
emitter 


Ift.b.  In  a  coounoQ  emitter  ampUfler,  the  output  Impedance  la  (higher/ lover)  than  the  Input 
impedance. 


//////////////////// 
higher 


•  •  •  • 


IS.c.  The  purpoae  of  tranaformer  Tl  la  to 

//////////////////// 

co«q>le  the  algnal  from  Ql  to  Q2  and  to  match  the  output  Impedance  of  Ql  to  the  Input 
impedance  of  Q2, 

15.d»  Tl  Is  a  0tep-  (up/do«ii)  transformer. 

//////////////////// 
down 

IS.e.  By  matching  Impedances*  the  (  )  of  the  amplifier  la  kept  high. 

//////////////////// 
efUclency 

IS.  f .  What  Und  of  blaa  does  Rt>3  provide  to  the  base  emitter  circuit  of  Q2? 

//////////////////// 
self  bias 
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LS.g.  Does  ielf  blai  provide  ttabllizatlon? 

//////////////////// 

Yes. 


15. h.  Transistors  are  ( 


)  sensitive. 

//////////////////// 

cvirrent 


15. i.  Transformer  Tl  provides  a  (  )  gain. 

//////////////////// 
current 


16.  IMPEDANCE-COUPLED  AMPLIFIER: 


Impedance -coupled  amplifiers  are  a  com- 
promise between  RC-coupled  and  trans- 
form er.cotqtled  amplifiers*  The  efficiency  of 
an  Impedance -coupled  amplifier  Is  better 
than  that  of  an  RC-coupled  ampliflert  but  not 
as  good  as  that  of  a  transformer-coiqpled 
amplifier*  It  Is  easier  to  match  Impadances 
with  a  transformer?  and  the  tranaformer 
provides  current  Bain. 


The  Impedance  ^coupled  amplifier  uses  and  Inductor,  such  as  LI,  as  the  load  In  the  col- 
lector circuit.  The  d-c  power  loss  is  less  than  if  a  resistive  load  were  used  because  of 
the  low  d-c  resistance  of  the  inductor.  The  output  signal  is  developed  by  the  high  induc- 
tive reactance  of  the  colL  In  the  above  diagram,  capacitor  Cc  couples  the  slgpal  Crom 
across  LI  to  the  base  of  Q2. 


17. a. 


The  load  In  the  collector  circuit  of  Ql  Is  formed  t>y  (  }. 

//////////////////// 
LI 
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17«b«  Ttw  <l.c  rMl«tanc«  of  LI  i%  v«ry  (hlgb/low). 

//////////////////// 
tow 


17.C.  Th«  d-c  powvr  Lom  in  Ui«  collector  circuit  of  Ql  iJ  v«ry  (lUcVtow). 

//////////////////// 

low 


n.d.  The  purpoM  of  Cc  Is  to  ...  . 

//////////////////// 

couple  the  signal  from  the  collector  of  Ql  to  the  ba 

se  of  Q2. 

17.e.  What  Is  the  purpose  of  CRI  in  the  shore  dlegram? 

//////////////////// 

It  proTldea  thermal  stability. 

18.  RF  AUPUFIER: 


RF  amplifiers  are  used  Immediately  after  the  antenna  so  that  a  fairly  strong  signal  can 
be  fed  to  the  mixer;  thlsdecreases the  amount  of  gain  required  of  the  mlx^  .'  and  Improres 
the  signal  to  noise  ratlo^  since  the  mixer  produces  more  noise  than  any  other  stage.  In 
addltloo,  the  sensltlTlty  of  the  overall  receiver  Is  Increased.  An  RF  ampUfler  also  Iso- 
lates the  oscillator  from  the  antenna,  keeping  the  local  oscillator  signal  from  t>elng  trans- 
mitted. 

The  usual  RF  amplifier  Is  transformer  coupled^  but  It  can  also  tie  Impedance  coiq>led. 
Transformer  TI  coupler  the  signal  from  the  antenna  to  the  RF  ampUfler.  The  resonant 
frequency  of  the  antenna  tank  circuit Isvarledtiy  capadtlTe  and  Inductive  tuning.  Resistor 
Rb  limits  base  current  to  the  proper  value,  and  capacitor  Cb  bypasses  the  RF  signal  so 
that  the  entire  signal  Is  developed  across  the  secondary  winding  of  TI.  Resistor  Be  de- 
velops emitter  bias  and  capacitor  Ce  prevents  degenerative  feedback*  Transformer  t2 
cot^les  the  amplified  signal  from  the  RF  amplifier  to  the  mixer.  The  resonant  frequency 
of  the  'Hitput  tank  circuit  Is  also  varledby  capadtive  and  inductive  tuning;  ths  slugs  of  Tl 
and  T2  ^e  ganged,  and  the  tripper  capacitors  are  used  for  alignment.  

16$ 
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19.4. 


TO 

MIXER 


What  two  characteristics  of  a  r«c«iv«r  ar«  improved  wtien  an  RF  arapUCler  la  used? 

//////////////////// 
sensitivity  and  slgnal-to-noise  ratio 


19,b.  An  RF  amplifier  also  prevenU  the  local  oscillator  sl«nal  from  reaching  the  (  ). 

//////////////////// 
antenna 

The  resonant  frequency  of  the  antenna  and  ajnpliiler  oulput  tank  cLrcuite  are  varied 
(Mparately/ together ) . 


//////////////////// 
together 


19a*  Bb  Mte  the  proper  Value  of  (  ). 

//////////////////// 
base  Current 


10«e.  What  type  of  Uas  does  Bb  provide? 

//////////////////// 

a»d 


10.  r  RF  algnale  are  prevented  from  being  develiqpdd  across  Bb  by  (  )* 

//////////////////// 
Cb 
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Rir 


R«  d*vtlopa  (  ). 

//////////////////// 
//////////////////// 

EmltUr  blai  provldti  ( 

)  •ubiUty. 

//////////////////// 

ttMrmal 

10,1. 

Ct  prevtnU  (           )  tt«dback. 

//////////////////// 

d«g«n«r&tivt 

20.  IF  AMPUFIER: 


Basically,  an  IF  ampUHer  1«  similar  to  an  RF  ampUHer.  Altbouch  IF  tranafonpoeri  ara 
tunabla,  they  ar«  mada  to  operate  orar  a  amall  range  of  frequandee.  The  Input  ol  an  IF 
amplifier  can  come  from  the  mUer  or  another  IF  amplllier;  the  output  can  go  to  the 
eecood  detector  or  another  IF  amplllier.  The  tuning  aluge  In  the  tranaformere  ar*  not 
ganged,  and  are  preset  during  alignment*  Induettve  coiq^Ung  could  be  used  In  place  of 
transformers. 


21.a.  IF  ampliners  are  designed  to  operate  over  a  (wide/narrow)  band  of  trequencles. 

//////////////////// 

narrow 


2I.b.  The  stage  preceding  an  IF  ampUflar  can  be  another  IF  amplllier  or  the  (  ). 

//////////////////// 

ml3wr 

 \  

21.C.  The  stage  following  an  IF  amplifier  can  be  another  IF  amplifier  or  the  (  ). 

//////////////////// 
second  detector 
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21.  d.  The  tuning  sluga  arc  proBet  during  (  ). 

Illlllllllllllllllll 
allsnment 

22.  VIDEO  AMPLIFIER:  A  video  amplifier  Is  used  when  a  bandwidth  from  about  30  cycles  to 
4  megacycles  Is  needed.  To  obtain  this  wide  bandwidth,  low-  and  high-frequency  compen- 
sation circuits  must  be  used.  CI  and  til  In  the  circuit  provide  low^frequency  compen- 
sation; LI  and  L2  provide  high-frequency  compensation  by  resonating  with  the  shunt 
capacities  of  the  circuit. 


0,  \-l  02 
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Co  and  CI  Cause  High  Frequency  LoM^Thls  slmpUHed  sc«^ematlc  Ahows  one  cause  ol 
high  frequency  loss,  Co  represents  the  output  capacitance  of  Ql  and  CI  represents  the 
input  c^acltance  of  Q2,  both  of  which  are  essentially  In  parallel  with  the  output  load  of 
Ql.  As  the  frequency  goes  up,  the  reactances  of  Co  and  CI  go  down,  bypassing  the  load 
Rc.  This  lowers  the  gain  of  Ql  at  high  frequencies. 


-!f- 


•c. 


Our  PUT 


Ll  Forms  Parallel  Resonant  Circuit  with  Co  and  Cl-^Thls  slmpUfled  schematic  shows 
LI  in  series  with  Rcl.  Ll  forms  a  parallel  resonant  circuit  with  Co,  As  the  frequency 
goes  uPt  and  approaches  the  parallel  resonant  frequency,  the  Impedance  of  the  parallel 
resonant  circuit  also  goes  up,  maintaining  the  gain  of  the  ampUHer,  This  esctenda  the 
high  frequency  range  of  the  ampUXler, 


24. 


OUTPUT 
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29.  L2  rorma  Strlta  lUiOnAnt  circuit  with 
Cl^TUa  ilmplUltd  acbtmatlc  abowa  L2 
In  Mrlaa  with  Cc.  Slno#  Cc  U  practl* 
cally  a  short  at  Ugh  fraquanclta^  L2 
can  be  conatdtrtd  to  tarm  a  aarlta  rt- 

^      sonant  circuit  with  CI.  Aa  th«  fraqutncy  % 
80«a  up  and  approachaa  tha  aarlta  rt- 


4;- 


0> 


aonant  fraquancyp  th*  voltagt  acroaa  aach 
of  tha  aarlta  tltmtnU  alio  goaa  up.  Slnca  tha  voltaga  across  CI  goas  up«  the  gain  of  the 
amplUler  Is  maintained.  This  extenda  the  high  frequency  range  of  the  amplifier* 


29. 


0. 


INPUT 


1-1 


OUTPUT 


The  Ugh  frequency  responae  Is  Improvedby  combining  the  compenaatlng  effects  of  LI  and 
L2  In  the  eame  circuit 


27.  Cc  Reduces  Low  Frequency  Response^At  low  frequencies^  LI  and  L2  have  very  low 
reactancesp  and  can  l>e  conaldered  out  of  the  circuit  TUs  puts  Cc  In  series  with  Rb2. 
As  tha  frequency  goea  down^  the  reactance  of  Cc  goes  ^p«  fbrmlng  a  voltage  divider  with 
Rb2*  This  reduces  tha  low  frequency  gain*  since  only  the  voltage  acroas  Rb2  la  applied 

9*  rf  9? 
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€5 


OUTPUT 


28*  CI  and  Rl  increase  Low  Frequency  Response— TUa  simplified  schematic  shows  tlie 
parallel  circuit  of  Cl  ^  Hi  In  series  with  Rcl*  As  tlie  frequency  goes  down^  the  react* 
ance  of  Cl  goes  up*  At  very  low  frequencies*  Cl  Is  practically  an  Open  circuit*  and  so 
Rl  Incomes  part  of  the  load*  TUs  Increases  the  output  Impedance  of  Ql  to  maintain  tlia 
gain  of  tiM  amplifier  at  the  low  frequencies* 


Cc  0; 


'(PUT 


Output 


leo 


EMC 


25 


Co  represents  the  <  )  capacitance  of  qi. 

//////////////////// 
output 


29.b.  Ci  repreaentB  the  (  )  capacitance  of  Q2. 

//////////////////// 

Input 


29.0^^  At  hl^h  frequencies,  Cc  is  eaaentlally  (a  ahort/^  open)  circuit 

//////////////////// 
a  short 

29A^  Therefore,  Co  and  CI  are  In  (  )  with  the  output  of  Ql, 

//////////////////// 
parallel 

29.e.  Aa  the  frequency  increaaea,  the  reactancea  of  Co  and  CI  I 

//////////////////// 
decrease 

29. f.  Thla  causea  the  output  impedance  (tf  qi  to  (  ). 

//////////////////// 
decrease 

29.^*  Aa  a  reault  the  ^ain  of  qi  decreaaea  at  (hl^h/low)  frequenclea. 

//////////////////// 
hi^h 
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30.t« 


Li  and  Co  form  a  ( 


OUTPUT 


)  resonant  circuit. 

//////////////////// 
parallel 


30,b.  Aa  the  signal  frequency  approaches  the  resonant  frequency,  the  Impedance  of  the 
parallel  resonant  clrcxilt  (  ). 

//////////////////// 

increases 

30.C,  This  causes  the  output  impedance  of  Ql  to  (  ). 

//////////////////// 
increase 

30.d.  As  a  result^  the  range  of  the  (  )  frequency  response  Is  increased, 

//////////////////// 
high 

3Ua. 


Oi 


Li 


INPUT 


02 

€5 


OUTPUT 


At  high  frequencies,  Cc  is  atiU  essentially  (a  short/ an  Qp«n)  circuit. 

Illlllllllllllllllll 
a  short 
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31*b.  Tlutrefore.  L2  and  Ci  form  a  (  )  roionant  circuit 

llllllllllllllllllll 
aeries 

31x.  As  the  signal  frequency  approaches  the  L2«Ci  resonant  frequency,  the  voltage  across 
each  ol  the  series  elements  K  )• 

llllllllllllllllllll 

increases 


3Ld.  Since  the  voltage  across  Ci  increases  at  high  frequencies,  the  range  of  the  high  fre- 
quency response  (  )• 


llllllllllllllllllll 
Increases 


32. 


INPUT 


C! 


OUTPUT 


Tbe  compensating  etfecta  of  LI  and  L2  In  .the  schematic  (alcVoppose)  each  other, 

llllllllllllllllllll 
aid 


33.a. 


€5 


INPUT 


OUTPUT 


At  low  frequencies,  LI  and  L2  can  be  considered  (opeq/sbort)  circuits. 

llllllllllllllllllll 
short 
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33.b.  Tlurtfore.  LI  and  L2  have  (out/no)  tltect  on  tow  frtqiutncy  optratlon. 

unnmmmnm 

no 

33.C.  As  the  signal  freq[uency  decreaMB,  tlM  rsactance  of  Cc  (  ). 

//////////////////// 
increaMs 

33.d.  Thl«  cauau  Cc  to  form  a  voltage  divider  with  (  ). 

mmmmmum 

Rb2 

33.e.  The  voltage  acroM  Rb2  Is  applied  to  (  ). 

mmmmmum 

Q2 

33.  f.  Therefore,  as  the  treqiuency  decreases,  the  low  frtqiuency  gain  ( 

uuuuuuuuuu 

decreases 

34  .a. 


INPUT 


At  high  freqiuendes.  CI  Is  essentially  (an  open/a  short)  circuit. 

mmmmmum 

a  short 

34.b.  Therefore^  at  high  frequendesi  the  toad  of  Ql  Is  (  ). 

UUUUUUUUUU 

Rcl 
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34. c.  At  th«  algnol  trequoncy  docrdates,  tho  reactance  of  CI  ( 

nnnnnnunun 

Incroaaea 


34.d.  Aa  the  reactance  of  CL  Increaaeai  the  Load  alao  lncLud«a  (  ). 

nnnnnununn 

RL 


34.e,  At  very  Low  trequenclea»  CL  la  esaentlalLy  (an  open/a  ahort)  circuit. 

nnnnnnnunn 

an  open 

34.  t.  Therefore^  at  very  Low  trequenclea,  the  Load  of  QL  la  (      4  ). 

nnnnnunnnn 

RcL  RL 

34.g.  Thla  increase  In  oulput  Load  increaaea  the  (  )  frequency  gain. 

mnnnnnnnm 

Low 


35.  LIMITER: 

Llmltera  ar«  used  to  prevent  the 
amplitu<!e  of  a  signal  from  going 
above  a  certain  value.  It  does  this 
by  clamping  the  peaks  of  a  signal. 
Often*  a  sine  wave  Is  clamped  In  a 
limiter  to  produce  a  rectangular 
wave  at  the  output.  This  cLamping 
action  can  be  produced  by  causing 
the  transistor  to  saturate  during  one 
half  of  the  cycle,  and  become  cut  off  during  the  other  half.  The  transistor  can  be  easily 
cut  off  if  zero  bias  is  used  at  the  baae-emltter  Junction. 

With  zero  bias  at  the  base,  the  translator  will  not  work  during  one  half  cycle.  With  the 
circuit  shown  abcvei  the  transistor  will  conduct  only  on  the  positive  cycles,  because 
that  polarity  forward  biases  a  PNP  translator.  The  base  resistor  (Rb)  Is  usually  small, 
so  that  the  base  current  Is  high  whan  a  positive  signal  Is  applied.  A  large  collector 
resistor  (Re)  and  low  value  of  B+  voltage  are  used,  so  that  the  maxlntum  collector  cur- 
rent la  kept  smaU.  As  a  result,  a  relatively  smaU  Input  signal  Is  able  to  drive  the  tran- 
sistor to  saturation. 
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30.  SiffMl  CLamptd  by  Saturation— 
A  poaltlva  going  input  algnal 
forward  blaMi  tht  ba«*«mltt«r 
Junction  and  allowi  baM  currtnt 
to  flow.  Whtfn  tht  coUtetor  cur- 
rant  reactwa  aaturatlon*  tha  ra- 
malnder  ot  tha  algnal  li  clampad. 
This  producai  aractangulartype 
ot  pulaa  at  tha  output. 


37.  Nagativa*Qoing  input  Cuta  Oft 
Tranalator<-Whan  tha  Input  alg* 
nal  0tarta  to  go  nagatlva,  tha 
baaa-amtttar  Junction  bacomaa 
revaraa  Uaaad.  This  cuta  off 
tha  translator,  ao  that  no  output 
is  produced. 


38.2.  A  small  base  raslator  isMaad 
in  this  circtilt  ao  that  tha  baaa 
currant  will  ba  (hlgVlOw). 


//////////////////// 
high 


38.b.  Collector  current  la  kept  low  try  uaing  a  Uarge/ small)  Collector  resistor. 

//////////////////// 

large 


38.C.  In  addition^  collector  current  la  kept  low  by  using  a  (higVlow)      supply  voltage. 

//////////////////// 

low 


38.d.  The  transistor  will  be  driven  into  saturation  by  a  relatively  (large/small)  input  signal. 

//////////////////// 

small 


38.e.  The  input  signal  Is  also  rectified  tMcausethecircult  uses  (  )  base-emitter  Mas. 

//////////////////// 

zero 


175 


INPUT 


39.a. 


0/  \  o-AA/V 


A  (  )  going  Input  signal  forward  bUaes  the  baae-emltter  Junction. 

/////if///////////// 

positive 

39.b.  As  a  result,  base  current  (flows/ is  cut  off). 

//////////////////// 

flows 

39.C.  When  base  current  flows.  (  )  current  also  flows. 

//////////////////// 

collector 

39.d.  Before  the  input  signal  reaches  its  positive  peak,  the  transistor  conducts  in  ( 

//////////////////// 

saturation 

39,e.  This  causes  the  positive  signal  to  be  (reproduce^ clamped)  at  the  output. 

//////////////////// 
clamp'^d 


A  negative  going  input  signal  (  )  biases  the  emitter-base  Junction. 

//////////////////// 

reverse 
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40«b«  A«  ft  ramlt,  tht  traiwlitor  <coculuct«/l«  cut  osih 

//////////////////// 
la  cut  oft 


40.C.  Thia  cauiea  the  negative  portion  of  the  Input  elgnal  to  be  (reproduce^/eUtninated)  at 
the  output. 


//////////////////// 

eliminated 


40«d.  Draw  the  output  waveshape  In  the 
proper  time  relatloojhlp  to  the  input 
signal.  Show  poUrlty. 


tNPUT  0 


OUTPUT 


//////////////////// 
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IX.  SINE  WAVE  OSCILLATORS 


i-    HARTLEY  OSCILLATOR; 


1. 


The  Hartley  oscillator  uBesregener* 
fttive  feedback  from  m  tapped  coll  In 
a  resonant  LC  circuit.  Signals  de. 
velQped  In  the  collector  circuit  are 
capacltively  coupled  to  the  tank  cir- 
cuits where  they  are  autotrans- 
(ormer -coupled  to  the  base. 


2. 


When  the  transistor  starts  to  con- 
duct, collector  current  (lows  through 
the  RF  choke,  causing  the  collector 
voltage  to  drop.  This  drop  In  collec- 
tor voltage  is  coupled  by  capacitor 
Cc  across  inductor  L2  to  ground  with 
the  polarity  shown.  Since  LI  and  L2 
form  an  autotranaformer,  the  fed 
back  voltage  is  stepped  up  in  indue* 
tor  LI,  and  a  positive  swinging  signal 
is  coupled  to  the  base  fay  capacitor  Cb.  This  positive  signal  applied  to  the  base  increases 
the  forward  blas^  causing  more  collector  current  to  flow.  The  collector  voltage  is  dropped 
still  further,  and  capacitor  Cc  couples  the  voltage  drop  across  inductor  L2.  The  voltage 
across  LI  then  drives  the  base  more  positive  to  continue  the  process. 


The  base  continues  to  be  driven  more  positive  and  the  collector  current  continues  to 
increase  until  saturation  Is  reached.  Then  the  collector  voltage  stops  dropping  and  no 
voltage  Is  coupled  by  capacitor  Cc  across  L2.  As  the  ctir rent  through  L 2  (alls  oU»  its 
magnetic  aeld  reverses.  Inducing  an  opposite  polarity  across  L2.  This  voltage  is  stepped 
up  In  LI  and  a  negative  signal  Is  coupled  by  capacitor  Cb  to  the  base.  This  reduces  the 
forward  bias,  causing  the  collector  current  to  go  down.  The  reduced  collector  current 
causes  less  of  a  drop  across  the  RF  choke,  and  the  collector  voltage  rises.  The  rise  in 
voltage  Is  coupled  by  capacitor  Cc  across  L2,  causing  LI  to  drive  the  base  further  in  the 
negative  direction  to  reduce  collector  current. 


The  cycle  continues  until  the  negative  voltage  applied  to  the  base  cancels  the  forward 
bias  to  drive  the  transistor  into  cutoff.  The  collector  voltage  then  stays  at  maximum,  and 
no  voltage  change  is  coupled  fay  capacitor  Cc  across  L2.  As  the  current  In  L2  falls  oft. 
Its  field  collapses  and  inducers  a  voltage  with  an  opposite  polarity.  This  causes  the  other 
half  cycle  to  start  as  esiplalned  above.  The  resonant  freciuency  of  CI  and  L1-L2  controls 
the  feedback  to  determine  the  oscillating  frequency  of  the  circuit. 


3. a. 


Wmd  tb*  truurlitor  conducta,  Um  collector  volUf*  gota  < 

//////////////////// 
down 


3.b.  TtM  drop  In  collttctor  voltage  la  coupled  by  capacitor  Cc  acroM  ( 

//////////////////// 
L2 


). 


3.C.  LI  and  L2  form  (  ). 


//////////////////// 
an  autotranaformar 


base  In  the  1  )  direction. 


3.d.  The  voltage  svpUed  acrOM  L2  caueea  LI  to  drive  the 

//////////////////// 
poaitlve 


3.e.  ThU  (Increaaea/decreaMfl)  the  forward  bias. 

//////////////////// 
Increases 


3.f.  Collector  current  goes  (  ). 

//////////////////// 
up 


3.g.  Collector  voltage  continues  to  go  (  ). 

//////////////////// 
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3.h.  Tbli  voltagff  drop  li  couplfd  to  Uw  tank  circuit  by  Cc^  and  LI  drlvfi  thf  bait  motf 

(  ). 

//////////////////// 
pOiitlVff 

3.i.  CoUfctor  currfnt  contlnuM  to  (  ). 

ummnmuum 

rlM 

3.  J.  Thla  rfg«neratlvf  action  contlnu«i  until  (  )  ii  rtachad. 

nununnumni 

laturatlon 

3.k,  At  saturatlont  the  coUfctor  voltagf  r<maln«(  )1 

nunuumuuni 

steady 

3.1.  Does  Cc  couplf  any  volta^f  to  L2? 

unnuunmnm 

No. 

3.m.  Tbe  ma«n«Uc  Held  across  L2  coUapsss»  and  tba  polarity  of  tba  rolta^s  across  L2 

t  ). 

inummnnum 

rsTsrses 

3.n.  Tbls  causss  LI  to  apply  a  (  )<-ffOlng  voltage  to  tbs  t>ase. 

ununummuu 

negative 

3.0.  Tbe  forward  tiias  on  tbe  t)ase  is  then  (  ). 

//////////////////// 
reduced 
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 p5a 

3,p,  CoUictor  curritit  |0f  fl  down  ud  coU«ctor  voltagi  gotfl  (  J! 

////////////////////  i 
19 


3.4.  Capacitor  Cc  coupUa  this  rljitng  voUag«  to  L2,  cautlng  Lt  to  drlvi  tht  bmM  turthar  In 
tht  (  )  dlr«ctl<m, 

//////////////////// 
Mfatlve 


3,r,  Thtfl  cotitlJiuM  to  riduM  coUictor  curriat,  Ttu  cycle  goca  on  until  tht  tranilctor  Ifl 
driven  Into  (  ). 


//////////////////// 


cutoff 


3,fi,  At  cttto£(»  tbare  U  no  couector  current,  and  tht  coUector  voltage  It  at  majdmum.  Since 
thare  It  no  change  In  coUector  voltagep  Cc  doea  not  cot^le  any  signal  to  L2^  and  tht 
polarity  acrOM  L2  (  ). 


//////////////////// 


reveraes 


3.t.  Thla  cauMS  Lt  to  drive  the  baae  In  tht  positive  direction  to  start  the  cycle  over  again. 
The  frequency  of  oselUatiOD,  is  dstenuined  by  >  >  .  > 

//////////////////// 
tht  resonant  frequency  ot  Ct  and  Lt'L2. 


3.U.  The  circuit  sbown  uses  fixed  bias.  The  amount  of  Idas  current  is  determined  by  the 
value  of  (  ) . 


//////////////////// 
Rb 
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4«a«  COLPITIS  09ClLLATdll: 


r 

c 


The  ColplUtf  oscillator  vrorks  similarly  to  the  Hartley  oscillator^  The  Colpltts,  though, 
uses  a  (  )  divider  for  the  feedback  instead  of  a  tapped  Inductor. 

//////////////////// 
capacltive 


AJti*  Collector  voltage  changes  are  applied  across  C2  to  maintain  oscillation  ot  the  tank  cir- 
cuit; and  the  voltage  across  (  )  Is  applied  regeneratively  to  th«  bass  o(  thtf 
transistor* 


//////////////////// 


NEGATIVE  RESISTANCE  OSCILLATOR: 


A  negative  resistance  oscillator  develops 
regenerative  feedback  t>ecause  ot  the  in- 
ternal characteristics  of  the  transistor* 
Junction  transistors  do  not  tiave  a  nega- 
tive resistance  region;  point  contact 
transistors  must  be  used*  A  point  con- 
tact transistor  is  made  with  two  ^^cai's* 
ivfalsker^^  iriresfUsedvery  closetogether 
into  a  semiconductor  base*  Emitter  and 
collector  semiconductor  regions  are 
formed  around  the  wire  points. 
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CMirrert  collcctok 


To  bUi  a  point  conuct  tranelitor  in  th« 
nt(«tlvt  rtilitanct  rtglontthtbiaivolu 
agti  and  currtnU  are  ttt  up  lo  that  the 
coUtctor  current  actually  exciidi  ttw 
emitter  current.  A«  a  reeult,  the  direc- 
tion of  the  base  current  through  Rb  pro- 
ducee  a  voltage  drop  that  aide  the 
forward  bias  on  the  emitter.  The  col- 
lector circuit  operatee  in  the  negative 
resistance  region  sbovm  between  points 
A  and  B  on  the  Ic-Ec  curve.  In  thie  re- 
glont  when  coUector  voltage  (Ec)  goes 
aown,  the  collector  current  (Ic)  goes  up. 
The  area  shown  between  B  and  C  is  the 
positive  resistance  region,  where  coUec- 
tor current  follows  coUector  voltage. 


When  the  circuit  is  first  turoedon,  emlt-> 
ter  and  collector  current  starts  to  flow. 

As  the  coUector  current  flows,  it  produces  a  voltage  drop  across  Rc  that  lowers  the 
coUector  voltage.  Because  of  the  negative  resistance,  this  drop  in  coUector  voltage 
causes  an  Increase  in  coUector  current.  At  the  same  time,  the  increase  in  coUector 
current  raises  the  voltage  drop  across  Hb,  which  increases  emitter  forward  bias,  and 
also  emitter  current;  this*  in  turn,  also  raises  the  coUector  current,  which  continues 
the  regenerative  cycle.  The  coUector  current  continues  to  rise  until  point  B  is  reached. 
At  his  point,  the  emitter  current  has  risen  to  a  value  that  exceeds  the  coUector  current, 
essentiaUy  taking  the  circuit  out  of  the  negative  reatstance  region.  The  polarity  of  the 
voltage  drop  acroes  Rb  isthenrevsrsed,  so  that  it  opposes  the  forward  Mas.  This  reduces 
emitter  current,  and  coUector  current  as  weU,  and  the  circuit  goes  back  into  the  negative 
resistance  region.  As  the  coUector  current  goes  down,  the  drop  across  Rc  is  reduced, 
and  the  coUector  voltage  goes  up.  The  increased  coUector  voltage  ftirther  reduces  the 
coUector  current.  Since  the  drop  across  Rb  Is  again  aiding  the  emitter  forward  Mas,  the 
emitter  voltage  and  current  are  also  reduced  to  further  diminish  the  collector  current 
This  regenerative  action  continues  untU  the  coUector  current  drops  to  point  K  which  is 
close  to  cutoli.  At  point  K  the  circuit  Is  back  in  a  positive  resistance  region.  Therefore, 
as  the  coUector  voltage  rises  due  to  the  last  drop  In  current.  It  raises  the  coUector  cur- 
rent and  the  regeneration  starts  in  the  other  half  cycle.The  circuit  oaciUates  Mth  the 
coUector  current  rising  and  falling  between  points  A  and  B.  The  resonant  tank  in  the 
t>ase  circuit  staUlzes  the  frequency  of  oscUlatlons. 


7.a.  In  a  negative  resistance  oscUlator,  as  coUector  voltage  goes  up»  coUector  current  goes 
(  )• 

////////////////// 
down 

7.b.  Because  of  the  drop  across  the  load  resistor,  a  reduced  coUector  current  increases 

//////////////////// 
coUector  voltage 
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The  regenerative  action  continues  until  the  circuit  reaches  a  point  that  is  In  the 
(  )  reeiflUnce  region. 

Illlllllllllllllllll 
positive 

7.d.  Then  th^  action  reverses  and  regeneration  causes  collector  voltage  to  go  (  },  and 

collector  current  to  ^o  ( 

Illlllllllllllllllll 
down  up 

7.e.  Because  of  the  action  of  the  base  resistance,  collector  current  also  changes  (  ) 
bias. 

Illlllllllllllllllll 
emitter 

7.  f.  The  changing  emitter  bias  sdso  provides  (  }  feedback. 

Illlllllllllllllllll 
regenerative,  positive 

7.9.  A  negative  resistance  oscillator  must  use  a  (  )  transistor. 

Illlllllllllllllllll 

point  contact 

7.b.  The  negative  resistance  oscillator  uses  a  common  (  }  circuit. 

Illlllllllllllllllll 

base 

Ic 

7. 1.  You  rememt>er  that  cl  equals  ^  .  When  a  lunctlon  transistor  is  used  in  a  cotmnoo  base 

circuit*  collector  current  is  always  slightly  less  than  emitter  current;  ando^ls  alirays 
(  }  thanl. 

Illlllllllllllllllll 
less 

7J.  in  a  negative  resistance  oscillator,  Ic  la  greater  thanle.  Therefore, o^can  be  greater 
than  1  vith  a  common  base  circuit  when  a  (  }  transistor  Is  used. 

Illlllllllllllllllll 
point  contact 
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T     PUAflE-SHlFT  OSCILLATOR: 


A  ptiU6-ihlft  MclllAtor  produc«« 
BiM  wavta  at  afrequtncydatprnUnad 
by  an  RC  coupling  n«tworkt  Inacom* 
moa  emitter  ampliflerp  flw  input  and 
output  aignali  are  180*  out  of  pbaaa; 
ttM  RC  netirork  must  provide  ao  ad- 
ditional 180*  phase  shift  for  oscilla^ 
tion  to  occur. 


Collector  Starts ToCoNegative-^ 
When  the  circuit  is  arst  ener, 
giZBd,  the  transistor  starts  to 
conduct,  making  the  collector  go 
negative  (Tl).  The  negativevolt* 
age  is  fed  back  across  CI  and 
Rl. 


10,  Rl  Voltage  LeadsColiector  Volt* 
age  By  6(r-*The  voltage  across 
CI  and  Rl  causes  a  current  to 
now  that  produces  a  voltage 
across  Rl.  The  values  of  CI  and 
Rl  are  such  that  the  current  wlU 
lead  the  ai^lied  voltage  by  SO*. 
As  a  result,  tbe  voltage  drop 
across  Rl  leads  the  collector 
voltage  by  60*.  The  voltage  de^^ 
veloped  by  Rl  Is  then  applied 
across  C2  and  R2. 


€5 


4f 


IL  R2  Voltage  Leads  CoUector  Volt* 
age  By  120'^The  voltage  across 
C2  and  R2  causes  a  current  to 
now  that  produces  avoltage 
across  R2,  The  values  of  C2  and 
R2  are  also  chosen  so  that  tbe 
current  will  lead  the  applied 
voltage  by  SO*,  As  a  result,  the 
voltage  drop  across  R2  leads  tbe 
coliector  voltage  by  120*.  This 
means  that  tbe  voltage  drop  across  R2  is  actually  going  less  negative.  This  voltage  is 
aOWlied  across  C3  ;ind  R3. 
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12,  R3  Voltage  UadflCollactor  Volt- 
age By  180* "-The  voltag«  across 
C3  and  R3  causes  a  current  to 
flow  that  produces  a  voltage 
across  H3,  Again,  the  values  ol 
C3  and  R3  are  chosen  ao  that 
the  current  will  lead  the  applied 
voltage  by  60*.  As  a  result,  the 
voltago  drop  across  R3  leads  the 
collector  voltage  by  180*.  Al- 
though the  collector  voltage  Is  going  In  a  negative  direction,  the  voltage  drop  across  R3 
actually  goss  positive,  Increasing  the  forward  bias.  This  increases  collector  current, 
which  reduces  collector  voltage  even  further.  The  RC  network  phase  shifts  this  voltage 
change  and  drives  the  base  more  positive.  The  process  continues  until  th«  transistor 
conducts  in  saturation. 


13. 


i 


T»  Ti  Tj        T,Tj  Tj 


-Ci 
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Voltage  Across  R3  Starts  To  Go 
Negative— When  the  transistor 
reaches  saturation,  thta  voltage 
across  Rc  is  at  maximum  nega- 
tive (T2).  The  voltage  across  R3 
is  at  maximum  positive.  The 
charging  current  to  C3  starts 
diminishing,  and  the  drcq)  across 
R3  Is  reduced.  This  reduces  the 
lorward  bias*  which  decreases 
collector  current.  As  tb«  collector  current  goes  down,  the  collector  voltage  rises.  The 
RC  network  phase  shifts  the  voltage  change  to  apply  a  negative  voltage  to  the  base.  This 
lowers  the  collector  voltage  still  more,  causing  the  collector  voltage  to  go  more  positive^ 
which  in  turn  drives  the  base  more  in  a  negative  direction.  This  regenerative  actiou  con- 
tinues collector  current  is  at  minimum  (T3}. 


B 
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14.  Voltage  Across  R3  Starts  To  Go 
Positive  ^  When  conduction 
reaches  its  minimum  value,  the 
collector  voltage  is  maximum 
positive  (t3}.  Tbevoltageacross 
R3  is  dt  nuxlmum negative. This 
cuts  off  the  transistor,  and  the 
collector  voltage  stays  steacfy. 
The  discharge  current  <rf  C3 
diminishes  and  there  is  less  ol 
a  drop  across  R3.  This  increases  the  forward  bias,  which  increases  collector  current 
to  start  the  next  half  cycle. 
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15,  Tht  dlagrftm  «howi  th#  voltag€i  In  Uwlr  ^         ^  U 

prop#r  tlin#  relatlonihipi  tor  one  com* 
plttt  oycltt  At  an;  Initant  of  tlma^  the  > 
voltafft  acrMi  R3  Itidi  tht  coUtctor  £r^  0 

voltace  by  ISO^t 


When  the  tranalstor  coiutuetfl^  the  cbllector  voltage  goee  ( 

//////////////////// 
down^  in  a  negative  direction 


le.b.  The  collector  voltage  \m  eiXectlvely  flret  applied  acroee  (  )  and  { 

//////////////////// 
CI  Rl 


The  values  of  CI  and  Rl  are  auch  that  the  current  through  Rl  {  )  the  appUed 

voltage  ti7  6<r. 

//////////////////// 
leads 


U7 


2CS 


This  cauies  the  voltage  drop  acrofli      to  l9(ul  the  collector  voltage  by  (  ). 

//////////////////// 


60* 


17.C.  The  voltage  developed  by  Ri  la  applied  across  ( 

//////////////////// 


)  and  { 


C2 


R2 


le.a. 


The  values  of  C2  and  R2  are  chosen  so  that  the  current  through  R2  leads  the  supplied 
voltage  ty  (  ). 

//////////////////// 
60* 

16.b.  This  causes  the  voltage  drop  across  R2  to  lead  the  collector  voltage  by  {  ). 

//////////////////// 
120* 


18.  C.  The  voltage  developed  by  R2  Is  applied  across  {  )  and  ( 

//////////////////// 
C3  R3 

19.  a.  T.  T.  T.  T. 


). 


a* 


The  values  of  C3  and  R3  are  suchthat  the  current  through  them  leads  the  voltage  across 
(  )by60'. 

//////////////////// 
R2 


lee 

2C9 


10  ,b. 

This  etuMS  th«  volUc*  <tov«lop«d  by     to  Uid  th«  eoll«ctor  voltagt  by  (  )* 

//////////////////// 

180* 

lO.c, 

hm  a  r««ult^  wlMn  Um  eoU«etor  TOitagt  soti  Msatlv««  tht  b««i  voltagt  goti  (  ). 

//////////////////// 

poiiaTi 

lO.d. 

TUfl  (           }  th«  fonwd  bla«. 

//////////////////// 
//////////////////// 

InCrtaMS 

10,«, 

This  lncr«u«fl  eoUsctor  (           }  and  nduc«fl  coUtctor  (  }. 

//////////////////// 
//////////////////// 

currtnt  voltagt 

10,  U 

This  addlttonal  voltags  changs  drlvsa  th«  baM  mor«  (  }« 

//////////////////// 
//////////////////// 

poiiava 

10.g.  The  process  conttnues  unttl  tha  collector  current  la  driven  into  (  }. 

//////////////////// 


saturatton 


20.a. 


8^ 


When  tha  collector  current  is  maximum,  tbecoUectorvoltage  la  at  maximum  (nogatlTe/ 
po«ltlTe}. 

//////////////////// 
 negatlTe  


180 


270 


20<b<  The  voUagf  acroim  H3,  which  Ja  at  maximum  positive,  starta  to  go  In  the  (  ) 

direction* 

iHHummmmi 

negative 


This  ( 


)  the  forward  blaa. 

nnnnnnmnm 

decreaaea 


20.d.  Aa  a  result,  collector  current  {  }. 

nnnnnnnnun 

decreases 


20.e.  Collector  voltage,  then,  starta  to  {  ). 

nnnnmnnnm 

Increase 


20.  U  The  poslUve  change  In  the  collector  voltage  la  coupled  by  the  RC  network  to  drive  the 
base  In  a  more  {  )  direction. 

//////////////////// 
negative 

20.g.  Thla  reduces  collector  current  even  more  to  raiae  collector  voltage.  Thia  process 
continues  until  collector  current  reaches  {  ). 

nnmnnnnnm 

cutoff,  minimum 


When  the  collector  current  Is  at  minimum,  tbe  collector  voltage  Is  at  maximum 
(nef  ative/posltive) . 

nmnnnnnum 

positive 


190 


271 


21,t),  The  voltage  acroM  Rc,  which  i«  at  mftxlmum  negatlvt,  sUrU  to  go  ( 


T 


llllllllllllllllllll 

poslUv« 


21. c.  This  (  )  the  lorward  bias. 

//////////////////// 
Increases 


21.d.  As  a  result  coll«ctor  current  ( 


). 


llllllllllllllllllll 
Increaseg 


21,8.  The  cycle  la  repeated  as  the  collector  voltage  starts  to  go  In  a  ( 

llllllllllllllllllll 
negative 


)  direction. 


22.  Label  the  a.,  t).t  and  c.  waveshapes  so 
that  they  coincide  with  the  collector 
waveshape  in  their  proper  time  rela- 
tionships. 


COl\CCTOft  t 
VOLT  AO  c  ? 


o.  VOLTAQC  t 
ACA03S  r 
? 


b>   VOLTAQC  0 
ACROSS 
? 


c.  VOLTAQC  X 
ACftOSS  r 
7 


llllllllllllllllllll 


a.  Rl 


t).  R2 


c.  R3 


23,  WIEN-BRUkfE^dSCfLLATOR; 


A  Wten-brtdge  osctUator  alao  produces  sine  waves  at  a  frequency  determtned  by  an 
RC  network.  In  this  case^  the  RC  network  ts  in  the  torm  ot  a  bridge.  The  160*  phase 
shift  necessary  tor  regenerative  feedback  is  provided  by  a  second  transistor. 


24,  Collector  of  Ql  Goes  Negative^When  the  circuit  is  first  energized,  the  transistors  start 
to  conduct.  Collector  current  through  Rcl  causes  the  collector  voltage  of  Ql  to  go  nega- 
Uve  (Tl).  This  negative  voltage  is  coupled  by  Ccl  to  the  base  of  Q2,  decreasing  the 
forward  bias  of  Q2, 


25.  Collector  of  Q2  Goes  Positive— The  reduced  forward  bias  of  Q2  decreases  its  collector 
current,  causing  the  collector  voltage  to  go  in  a  positive  direction*  This  positive  signal 
voltage  is  coupled  by  Cc2  to  the  bridge  circuit. 
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38.  PmIUt*  aiffiuU  AppU«d  To  But  ot  Ql-Tlw  brldg*  circuit  provldta  volUC«  dlirldtr 
Mttoiif  with  tbt  Yoltaff*  acroM  R3  AppUvd  to  tbt  baM  of  Ql. 


1  k  ^  1 

27,  Biidt*  8tablUu«  Frtqiwnqr^TtM  brldgo  acti  to  atatHUM  tbt  iraqtuvncy  of  oparatton.  Tha 
TOltaga  diTldar,  ocmalatliic  of  Cl»  Rl»  C2,  and  a2,  aiqrpUaa  rafanarattira  taadback  to  tba 
baaa,  wblla  tba  YoUaga  dMdar  cooalatlitg  o(  R3  and  R4  auppUaa  daftnaratlTa  taadback 
to  tba  amlttar.  If  tba  fraqjuancy  tanda  to  lneraaaa»  tha  raactanCM  of  CI  and  C2  daeraaaa. 
Slnca  C2  la  acroaa  KZ^  tha  Impedanea  ot  tba  paraUal  circuit  dacraaaaa,  tbardtiy  radudng 
tha  rag aoaratlTa  taadbadt  to  tha  baaa.  If  tba  traqjuaney  trlaa  to  daeraaaa,  tba  raactancaa 
Qt  CI  and  C2  incraaaa.  Slnca  CI  la  In  aarlaa  with  Rl»  currant  flow  through  tba  circuit 
dacraaaaa^  again  radudng  tha  ragaoaratlira  laadback  to  tba  baaa.  In  both  eaaaa,  tha 
ragaoaratlTa  taadback  to  tba  baaa  bacamaa  Itaa  than  tba  daganaratHra  toadbaek  to  tha 
amlttar^  ao  that  ooXy  ooa  traquancy  prcnrldaa  anougb  ragaoaratloii  to  auataln  oadllatlona. 


CUITTCR 
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2t.  CoUfCtor  of  Q2  At  Maximum  Poiltlvc-Tht  poiltlvt  ilgnol  appUtd  to  the  btM  of  Ql 
Inert  AMI  Iti  conduction^  making  tht  Ql  collector  mort  ntgatlvt  (Tl  to  T2).  Thli  voltage 
la  coupltd  to  tht  tUkM  of  Q2f  dtcrtailng  Iti  forward  blai*  Ai  a  rtault*  the  conduction  of 
Q2  decreaiee.  making  Iti  collector  more  poaltlve.  Tht  proceii  contlnuei  until  the  col- 
lector voltage  of  Q2  li  at  maximum  positive  <T2)« 


20*  Voltage  Across  R2  Starte  to  Decrease— When  the  collector  voltage  of  02  Is  at  maximum 
positive,  the  voltage  across  R2  begins  to  decrease  <T2  to  T3).  This  decreases  the  for* 
ward  Mas  of  Ql^ 

Decreasing  the  forward  Mas  of  Ql  decreases  ltscoaductl<mf  causing  the  collector  voltage 
to  rise.  This  positive  going  signal  U  coiqi^led  to  the  base  of  02,  Increasing  Its  forward 
bias. 

Increasing  the  forward  bias  of  Q2  Increases  Its  conducHoa,  causing  the  collector  voltage 
to  fall.  This  negative  going  voltage  Is  coiqi^ted  back  to  the  bridge. 
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30.  CycU  if  R«p«fttod— Tb*  ntcatlvt  going  volUgt  appUtd  to  Mm  btldgt  cAUMi  U»  volUgt 
ftCtOM  R2  to  go  mot«  iwgfttlvt.  Th«  ptoctii  coottnwi  until  tl»  coUtctor  voltagt  <rf  Q2 
t«tch««  mixlmum  Mgatlvt  (T3).  Whtn  thli  occur««  ttii  voltagt  dlr<9  i^ctoii  R2  btglAS  to 
d«ct«ftMr  caujtng  It  to  go  In  th«  poiltlvt  dlttctlon  (T3  to  T4).  Tba  cyclt  U  thin  Mp«ftt«d« 


3IX 


Whsn  coU€ctor  current  itarta  to  flow  through  Rcl*  the  coUtctor  voltage  of  Ql  goei 
In  tht  (  )  direction* 

//////////////////// 
aegatlve 

31  .b,  Thli  voltage,  coiqtled  to  the  base  of  Q2,  (  )  the  forward  blaji  of  ^ 

//////////////////// 
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32.tt 


The  decreaaing  of  tbe  torwaircl  blaj  of  Q2  causes  the  collector  current  to  (  ). 

//////////////////// 
decrease 


32.b.  Wh«n  the  collector  current  decreases,  tbe  collector  voltage  goes  in  the  ( 
direction* 

) 

//////////////////// 

podtlTe 

32. c.  This  positive  signal  Is  coupled  to  (  ). 

//////////////////// 

tbe  bridge  circuit 

33.a. 


Part  of  the  positive  signal  across  tbe  bridge  Is  appUed  to  the  base  of  Ql  by 

(  ). 

//////////////////// 
R2 


IM 
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33«b«  Thli  provldii  tht  bast  with  (  }  ftedbftck. 

iimiiniimnnii 

recetMrattve 


33, c«  Part  of  the  porttlve  alfiud  across  the  bridge  U  alao  applied  to  the  emitter  of  Ql  by 

K  V 


nimniniimnn 

R4 


33,d«  This  provlbes  the  emitter  with  (  )  feedback* 

//////////////////// 
degenerative 


34«a«  U  the  tre<iuency  of  the  signal 
coupled  to  the  bridge  tries  to  In* 
creai«,  the  reactances  of  CI  and 
C2(  K 


FROM  Q2 
COLLECTOR 


•.TO  Q, 
EMITTER 


//////////////////// 
decrease 


34.b«  This  causes  the  impedance  Ckf  the  parallel  circuit  formed  by  R2  and  C2  to  (  ). 

//////////////////// 
decrease 

34.c«  As  a  result,  less  (  )  feedback  la  applied  to  the  base* 

//////////////////// 
regenerattve 
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u  uio  ir€qu€ncy  trl€S  to  u€crosu€#  tn€  roactftnc€i  oi  ci  Ma      \  )* 

iiiiiiiiiiiiiiiiiiii 

Thl9  cau0€B  th€  curr€nt  flow  through  Rl  and  R2  to  (  ). 

iiiiiiiiiiiiiiiiiiii 

ZA.t. 

A9  a  r€«ultr  the  reseneraUve  feedback  applied  to  the  base  (  }. 

iiiiiiiiiiiiiiiiiiii 

dttcreaaet 

34.C. 

The  circuit  1«  deslsned  AO  that  the  regenerative  feedback  to  the  baae  exceeds  the  de* 

generative  feedback  to  the  emitter  at  (one  frequency/ maoy  frequencies). 

iiiiiiiiiiiiiiiiiiii 

one  frequeiiey 

35. a. 


The  positive  signal  applied  to  the  base  of  Ql  (  )  the  forward  bias. 

iiiiiiiiiiiiiiiiiiii 

Increases 

35.b.  This  causes  the  collector  current  to  (  ). 

iiiiiiiiiiiiiiiiiiii 

Increase 

35. c.  As  a  result,  the  collector  voltage  goes  more  (  ). 

iiiiiiiiiiiiiiiiiiii 

negative 


1»8 
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3S.d.  This  volUft,  cQUpUd  to  th«  bftM  of  Q2^  (  )  th«  forw^d  blfti  of  Q2. 

//////////////////// 

d«creu«a 


39*0.  I>«crea«ing  the  forw^d  blu  (  )  coUtctor  current. 

//////////////////// 

decieuea 

35. f.  As  ft  result,  the  collector  voltage  goeB  more  (  ). 

//////////////////// 

poaiave 


36ft. 


s 

After  the  collector  voltage  of  Q2  reaches  majdmum  positive,  the  voltage  drop  across 
K2(  ). 

//////////////////// 
decreases 

36.b.  This  causes  the  forward  bias  of  Ql  to  (  ). 

//////////////////// 

decrease 

36. c.  Decreasing  the  forward  bias  of  Ql  (  )  the  collector  current. 

//////////////////// 

decreases 


3ff.d.  This  causes  the  collector  voltage  to  go  In  the  ( 

//////////////////// 

positive 


)  direction. 


IM 
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36*«*  Thli  ilsnal*  coupled  to  the  bua  of  q2*  (  )  tht  forwftxd  blsui  of  Q2. 

//////////////////// 


incrauti 

36.f*  Increutnff  the  forward  btu  of  Q2  (  )  the  collector  current* 

//////////////////// 

Inorewee 

36*g.  TtdB  csuieee  the  collector  voltage  to  go  tn  the  (  }  direction. 

//////////////////// 

negative 

3e*h.  Thli  voltage  Is  coupled  to  the  (  T 

//////////////////// 

bridge 


;»7*a. 


The  negative  signal  coupled  to  the  bridge  causes  the  voltage  across  R2  to  go  more 

//////////////////// 
negative 


37.  b. 

Th6  proceflff  contlintefl  until  the  collector  currant  of  Q2  reaches  ( 

//////////////////// 

satttratton 

37.C. 

When  the  collector  current  of  Q2  reaches  saturatloii,  the  cycle  Is 

repeated  as  the  volt- 

tage  across  R2  starts  to  go  in  the  {           )  direction. 

//////////////////// 

positive 
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X.  SWdCHINO-  OATtNO-  AND  PULSE  CIRCUITS 


SWITCHING  AND  OATlNa  CIRCUITS 


I,  SWlTCfflNG  CIRCUIT: 


Switching  circuits  Are  U0ed  to  turn  clr<- 
cultJ  on  and  ot(;  th«y  perform  the  tunc 
tlon  of  a  iwltch  by  having  traniltors 
etther  conduct  or  not  conduct  to  produce 
the  "on"  and  "off'  condltloM.  Many 
circuits,  auch  aj  those  used  In  compu- 
ters, require  fast  switching  times.  Spe- 
cial junction  transistors  that  have 
switching  times  In  the  mlcromicrosec- 
onds  (tO'f'  secj  range  are  made  for 
such  applications.  The  switching  circuit 
In  the  above  schematic  is  typical,  tt 
shows  a  circuit  with  no  bias  applied  to 
the  base'emitter  diode  so  that  the  tran- 
sistor Is  essentially  cut  otf,  A  negative 
signal  applied  to  the  base  turns  the  tran- 
sistor on,  U  the  signal  goes  positive  or 
Jiist  to  zero,  the  transistor  is  again 
turned  off.  Resistor  Rb  is  used  to  limit 
base  current  How  when  the  signal  is 
applied. 


A  negative  Input  signal  forward  biaaes 
the  base-emltter  diode,  allowing  col- 
lector current  to  flow.  As  the  signal 
amplitude  Increases,  collector  increases 
to  saturation  until  almost  all  the  battery 
voltage  is  developed  across  Rc. 


U  the  input  signal  Is  larger  than  the  bias  battery  voltage,  a  ftirther  Increase  in  signal 
amplitude  has  very  tittle  effect  on  collector  current  since  the  transistor  is  saturated. 
But  base  current  continues  to  Increase  until  the  base  becomes  more  negative  than  the 
collector.  This  forward  biases  the  collector  base  diode,  allowing  holes  to  enter  the  tiase 
from  the  collector. 


201 


Mni«n  the  Input  ilgnal  goen  poflltlvv^  the 
bue*eniltter  diode  becomet  reverse 
biased.  Decauee  a  relatively  large  num- 
ber of  holee  have  been  allowed  to  accum- 
ulate In  the  baee,  the  collector  current 
doee  not  Immediately  decrease.  Instead^ 
tt  continues  until  the  holes  In  the  base 
have  recomblned  with  minority  electrons 
from  the  collector.  The  holes  also  com- 
bine with  minority  electrons  from  the 
emitter,  allowing  a  reverse  current  to 
flow  through  the  base-emitter  circuit 


BASE 
CURRENT 


fORWARO 
0  

pevERse 


1_ 


The  diagram  shows  the  base  and  collector 
current  wavesht^MS  caused  by  a  square-^  ^ 
wave  Inirtit  signal.  The  rise  of  collector  s?GNAl  ^ 

current  Is  delayed  £rom  Tl  to  T2  be- 
cause of  the  time  It  takes  for  emitter 
current  to  dltfUse  through  the  Junction  to 
the  base.  At  T3  the  base*emltter  diode 
becomes  reverse  biased  by  the  Input 
signal.  The  collector  current^  however, 
does  not  begin  to  decrease  until  J4  be- 
cause of  the  large  number  of  holes  which 
have  accumulated  In  the  base.  This  also 
allows  a  reverse  current  to  flow  In  the 
t)ase*emitter  circuit  while  the  algnal  Is  COUCCTOR 
positive.  From  T4  to  T5  the  number  of  CURRENT 
boles  In  the  Itase  decreases^  until  the 

base  and  collector  current  are  zero.  The  current  decrease  beglna  even  though  the  Input 
signal  Is  still  positive  because  the  holes  In  the  base  are  not  replaced.  Thus,  the  width  of 
the  positive  pulse  will  not  aifect  the  T4  to  T5  time. 


;J/iil\L 

T,    T,    T,  T, 


6. a.  The  negatlvi  Input  signal  ( 
blaaes  the  base-emitter  diode. 


) 


B- 


//////////////////// 
forward 


6.b.  As  the  ai)pal  amplitude  Increases,  collector  current  ( 

//////////////////// 
Increases 
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6*c*  Wh«n  mo«t  ot  th«  batury  voUag*  {§  develop«d  acroii  Rc  th«  collector  current  li  eatu- 
raM;  the  collector  voltage  li  eiientlally  (  ). 

//////////////////// 

zero 

6.d*  A  further  Increaee  in  eignal  amplitude  wUl  (Increaee/not  affect)  collector  current* 

//////////////////// 
not  affect 

6*e.  A  further  increase  in  signal  amplitude  will  (Increaje/not  affect)  base  current. 

//////////////////// 
Increase 


6*f.   As  base  current  increases,  the  base  becomes  more  (  )  than  the  collector. 

//////////////////// 
negative 


6.^.  This  (  )  biases  the  collector-base  diode. 

//////////////////// 
forward 

6.h.  Forward  biasing  the  coUector-base  diode  allows  collector  majority  carriers  or 
(  )  to  accumulate  in  the  base. 

////////J/////////// 
holes 


7. a.  When  the  input  signal  goes  positive,  the 
base-emitter  diode  becomes  (  ) 
biased* 


//////////////////// 
reverse 
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7.b.  CoUiCtor  current  contltm*!  to  flow  b«c«ui«  of  Um  Iart«  numlMr  of  holii  that  accuttiu* 
L«t4d  in  th*  (  )* 

//////////////////// 

Th«  tioloa  tn  th«  bM«  aUo  lUow  a  rtrttrii  currtnt  to  flow  In  thi  bue«(  )ctrcult. 

//////////////////// 

•inlttvr 

t.^  CollMtor  currmt  rlMi  (TNT2)  r«l* 
atlTily  Mlo^f  iMcauM  tlw  bol«a  from 
thi  «iiiltt«r  bava  to  dlthite  throufh  the 

Junctloii  to  the  (  )* 


//////////////////// 
baM 

8.b.  Afttr  the  baa4*«iiilttir  4iod«  ta  r^varaa  btiaad  (T3)f  coUacior  currant  contlimaa  to  flow 
(T3'T4)  bacauae  of  tlia  larsa  numbar  of  (  )  accumulatad  In  tlia  baaa^^ 

//////////////////// 
bolaa 

8,c,  Tba  tiolaa  In  tha  baaa  alao  allow  a  (  )  currai^  U>  flow  In  iba  baaa^anlttar  cir- 

cuit (T3*T4). 

//////////////////// 
ravaraa 
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INPUT 
SlONAL 


8ASE 

ClfflRCHT 


COLLECTOR 
CURR^ 


8.  d«  Th«  bu<  and  collMtor  eurrtntfl  d«cr<in  (T4«T6)  ai  tbi  numlMr  ot  hoU*  In  Um  but 

//////////////////// 
d<er<a«6 

In€r<iiln(  the  wtdtb  ot  Um  po«itlv«  porUon  ot  Um  fllgnal  will  Uncreua/not  affoet)  tbe 
d«c«]r  time  ot  th<  bue  and  e^dlactor  currents* 

//////////////////// 
not  aftsct 

9.  b«  Tb6  tfwlteblng  circuit  you  ba^e  juat  atudlad  uaaa  a  (  )  typa  ot  tranalstor. 

//////////////////// 

PNP 


9.C.  The  majority  carrlara  In  tbe  amlttar  and  collector  are  ( 

//////////////////// 

boLaa 


9.d.  A  flwltehlng  circuit  la  uaed  to  turn  oth«r  clrculta  (  )  and  ( 

//////////////////// 
on  off 

9.6.  Without  an  liqput  signal,  tbe  circuit  ta  (  ). 

//////////////////// 
cut  o£f 


d.t  What  la  tbe  purpose  ot  Rb? 

//////////////////// 
It  limits  baaa  current  whan  a  signal  la  applied 
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IKVERTKRS 


Vou  have  not  y^i  studied  "aymboLlc  Logic''  but.  when  you  do,  you  will  find  that  In  the 
Polaris  computers,  the  output  signals  of  many  circuits  have  to  be  in  phase  with 
the  Input  signals^  Many  computer  clrcultSi  such  as  AND  gates  and  OR  gates,  are 
BASICALLY  common  emitter  amplifiers  andi  therefore,  cause  the  mtput  signal 
to  be  180*  out  of  phase  with  the  Input  signal.  In  these  cases,  It  Is  common  practice 
to  feed  this  signal  into  another  circuit,  called  an  Inverter,  to  again  shift  the  signal 
160*.  Thus,  the  original  signal  has  been  shlftert  twlco,  for  a  TOTAL  3,60* >  The  output 
signal  of  the  Inverter  Is,  therefore,  IN  PHASE  with  the  original  input  signals 


A3  you  caii  see,  the  inverter  circuit  ts  basically  a  common  emitter  amplifier^  which 
was  covered  earlier  in  the  program.  Its  bias  Is  set  to  accomodate  the  type  of  Input 
signal  applied  to  it.  Actually,  the  Inverter  shown  here  operates  very  similarly  to  the 
limiter  circuit  iust  descrltwd.  The  following  pages  show  how  an  Inverter  can  be  used 
with  AND  and  OR  gates. 


10.   "AND'*  GATEr 


The  ''AND"  gMe  (stage  Ql  and  Q2)  is  used  in  computers  as  a  fon  4  switching  circuit 
that  produces  an  output  only  when  a  combination  of  signals  Is  s^pli^'at  the  input  at  the 
same  time.  Q3  is  simply  an  Inverter  (amplifier)  stage  that  shifts  the  output  of  Ql  and  Q2 
160^,  so  that  the  output  signal  Is  in  phase  with  the  original  input  signals.  Ql  and  Q2  are 
normally  cut  off  twcause  of  zero  bias  on  the  base-emitter  junctions  of  both  transistors. 
Q3  is  normally  conducting.  Since  transistors  Ql  and  Q2  are  In  series^  if  EITHER  one 
stays  cut  otf  the  other  cannot  conduct.  To  produce  an  output  ftom  the  circuit,  signals 
must  be  s^plied  to  A  and  B.  When  BOTH  Ql  and  Q2  are  forward  biased  at  the  same  tlme» 
current  through  Ql  also  flows  through  Q2.  The  output  signal  across  Rcl  reverse  biases 
Q3  cutting  it  off.  The  output  signal  that  appears  across  Hc2  Is  IN  PHASE  with  the  signals 
applied  to  A  and  B. 

Since  the  transistors  are  in  series^  deenerglzlng  either  one  will  open  the  circuit  so  that 
current  flow  is  discontinued.  If  three  or  more  signals  are  to  tw  *'ANDED,''  a  transistor 
must  be  used  for  each  input  signal. 


INPUT 


OUTPUT 
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11*  Ql  and  Q2  Forvmrd  BUMd  By  N#f«ttv#  Iqput-Ntgittv#  pulMi  ippllvd to  A  j|uL  B 
tomrd  Um  both  trftuUtori*  Curr#nt  flow  dtvtlopi  «  volttf  #  drop  loroii  Ro«  Tbo 
ilgiud  ioroii  Rd^  which  li  160*  out  of  phut  with  tht  atfuli  anOlid  to  A  ud  B^  li 
ippU#d  to  tb«  input  of  bmrt«r  Q3«  Thli  r«vtri#  bltMi  QS^  eutttnf  It  ott  Tho  alpial 
appttrlnf  «t  Uw  output  of  Q3  li^  thor#ft>r#t  «  Mgatlvt*|oliic  puli#  that  li  In  phu#  with 
th«  Mfitlvt-iolnit  puli#i  apiOlfd  to  A  and  3,  Whtu  #tthtr  Input  atful  fO«i  to  uro, 
currant  flow  itopa  and  there  li  no  output  atgnaL 


12,  Tbt  diagram  ahowi  how  the  time  r#- 
latlontUp  Cf  the  Input  pulMidctcrmlnci 
the  output  waTtihapa,  At  Tl  tranaUtor 
Ql  la  forward  bUMd,  but  no  output  la 
produced  becauae  Q2  atlU  hae  zero 
blaa.  At  T2  the  output  la  produced  when 
Q2  t>ecomea  forward  blaeed.  The  output 
pulae  ends  at  T3  when  Ql  la  again  lero 
falaaedf  eren  thoi^  Q2  la  atOl  forward 
blaaed.  In  moat  computer  api^catlonat 
the  A  and  B  algnala  are  kept  In  phaMt 
ao  that  the  output  algnal  hae  the  aame 
time  duratioo  at  the  Input  algnala. 


INPUT  A 
0, 

INPUT  B 
0| 


OUTPUT 

OUTPUT 
O5 


T,  T, 


mtb  no  Input  signals,  Ql  and  Q2  ar«  normally  (coaducOoc/cut  oCO  and  Q3  la  nor. 
maUy  (conducting/ cut  oCO. 

//////////////////// 
cut  ott  coDduettog 
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13. b.  To  forward  blaa  transistors  Ql  and  Q2,  the  Input  signals  must  bo  (  ), 

//////////////////// 
negative 

13«c«  An  output  signal  l:i  produced  from  Ql  and  Q2  when  a  negative  signal  la  applied  to 
(either  transistor/both  transistors)* 

//////////////////// 
both  transistors 

13,d,  Output  current  stops  Howtng  through  Hcl  when  the  negative  signal  is  removed  from 
{either  transistor/both  transistors), 

//////////////////// 
either  transistor 


13, e.   The  purpose  of  Q3  Is  ,  ,  , 


//////////////////// 


to  shift  the  output  signal  of  Ql  and  Q2  18(r  so  that  it  Is  in  phase  with  the  input 
signals  applied  to  A  and  B, 


14>a>  Draw  the  output  waveshape  to  cor* 
respond  in  the  proper  time  relation* 
ship  with  the  input  signals. 


INPUT  A 
INPUT  B 


INPUT  A 
0, 

INPUT  S 

02 


//////////////////// 


OUTPUT 
0|  ond  0; 

OUTPUT 
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U.b.  What     Uie  purpoa«  of  Rbl  mid  Hb2? 

//////////////////// 


They  Limit  ba^e  current. 


15.  GATE; 


This  circuit  la  called  an  ^'OR"  circuit  because  an  Input  signal  applied  to  A  or  B 
or  C  or  any  combination  of  them  will  produce  an  output  signal.  Transistor  Ql  Is 
normally  cut  o£f  because  no  bias  voltage  Is  applied  to  the  base^emltter  diode. 
Transistor  Q2  is  an  Inverter  circuit  that  Is  normally  conducting.  The  COUPLING 
DIODE  Inputs  to  the  base  Isolate  the  stages  that  are  not  supplying  a  signal  from 
those  that  are  si^plj  .  a  signal;  this  keeps  the  circuit  stable.  As  before.  Inverter 
Q2  shuts  the  signal  ISO"  so  that  the  output  signal  is  in  phase  with  the  Input  signal. 


16,  Signal  At  A  or  B  or  C  Produces  Output— A  negative  signal  applied  to  A,  B,  or  C  forward 
biases  the  COUPLING  DIODE  and  the  base-emltter  dlode>  allowing  the  transistor  to 
conduct.  The  stages  not  sending  a  signal  to  the  OR  circuit  are  Isolated  from  the  circuit 
by  the  nonconducting  diodes. 
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17.  Clamplnf^  Olodo  Holds  CoUoctor  At  -4V-'I£  more  than  one  Input  ±itf|:nal  is  applied  at  the 
same  time,  the  output  signal  ot  Ql  tontla  to  Incroaao*  A  CLAMPING  DIODE,  however^ 
la  tfcnttrally  usijtl  In  the  collector  circuit  to  keep  the  output  constant.  The  diode  battery 
(4V)  trltis  to  forward  bias  the  clamping  diode:  but  with  no  signal  Input,  the  eolleetor 
voltage  Is  highly  negative.  The  clamping  diode,  then^  does  not  conduet.  But  when  there 
Is  a  fllfi^niil  Input,  collector  current  Hows  and  the  collector  voltage  drops  to  less  than  4 
volts.  The  diode  conduct±i  and  clamps  the  coUeetor  voltage  at  about  -4  volts  by  pro- 
viding a  low  refllstanee  path  for  any  Increase  In  collector  current.  More  than  one  Input 
alf^nal,  therefore,  wUl  have  no  effect  on  the  output  voltage. 


18,  ANOTHER  "OR''  GATE: 


Another  method  of  Isolating  the  stages  that  provide  Input  signals  is  by  using  more 
than  one  transistor.  As  before,  an  Input  signal  appUed  to  A  or  B  will  produce  an 
output  signal.  The  output  of  both  transistors  appears  across  the  same  collector 
resistor.  This  output  signal  would  be  f^  to  an  Inverter,  which  is  not  shown  here* 


Id,  t  2 


Both  transistors  are  normally  cut  off  because  there  Is  no  baBe-emltter  bias  voltage 
applied  to  them,  A  negative  signal  applied  to  A  forward  biases  the  base*emltter 
diode  and  allows  transistor  Ql  to  conduct.  Similarly,  a  negative  signal  at  B  allows 
Q2  to  conduct.  Both  transistors  produce  output  signals  across  the  same  collector 
resistor.  If  both  transistors  conduct  at  the  same  time,  the  clamping  diode  prevents 
the  output  signal  from  increasing  In  amplitude. 


In  this  circuity  Isolation  between  the  stages  supplying  Input  signals  is  provided  by 
the  (  ).  , 

//////////////////// 
coupling  diodes 

20.b.  With  no  Input  signal,  the  emitter-base  diode  of  transistor  Ql  la  not  biased.  Therefore, 
the  transistor  is  (  )*  Q2  Is  normally  (  ). 

//////////////////// 
cut  off  conducting 

20. c.  A  negative  signal  at  A,  B,  or  C  (  )  biases  the  base-emitter  diode. 

//////////////////// 

forward 

20.d.  If  more  than  one  input  signal  \&  applied  at  the  same  time,  Ql  collector  current  (  ). 

//////////////////// 
increases 

20.e,  As  collector  current  Increases^  the  voltage  drop  across  Rcl  tends  to  (  ). 

//////////////////// 
Increase 

20.f.  As  a  result,  the  collector  voltage  tends  to  (  ). 

//////////////////// 

decrease 

20.g.  When  the  collector  voltage  drops,  the  clamping  diode  becomes  (  )  biased. 

//////////////////// 

fDrward 
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20,h,  When  the  clamping  diodo  conducts,  It  provides  a  low  realstance  path  for  any  Incroaao 
In  (  )  current. 


//////////////////// 
collector 


20, L   This  koeps  the  (  )  voltage  fairly  constant, 

//////////////////// 
collector 


20, J,   The  purpose  of  Q3  Is  ,  ,  , 


//////////////////// 


to  shift  the  output  signal  of  Ql  180"  so  that  It  is  In  phase  with  the  Input  signal 
applied  to  Ql, 


21, a. 


1  2 


^4V 


This  circuit  Isolates  the  Input  stages  by  using  , 

//////////////////// 
using  more  than  one  transistor. 


21, b.  With  no  signal,  the  base-emitter  voltage  In  either  transistor  la  (  )-  This  keeps 

the  transistors  (  )* 

//////////////////// 
zero  Cut  off 

21, c.  A  negative  signal  applied  to  A  or  B  (  )  blades  the  base*emltter  diode. 

//////////////////// 
forward 
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21. d.  The  output  vlgnal  U  kept  fairly  congUnt  by  tho  { 

//////////////////// 
cliunplng  diode 


A  tree^runnlng  multiTlbrator  Id  ^  relaxation  oscUlator  that  produced  square  waves. 
The  circuit  constats  of  two  bc  coupled  transistors,  connected  so  that  each  one  pro<- 
Tides  feedback  for  the  other.  Each  transistor,  therefore.  Is  responsible  for  cutting 
off  the  other.  The  transistors  alternately  conductandcut  off,  so  that  the  output  \vave'- 
shape  can  be  taken  from  either  collector. 

When  the  circuit  Is  first  energlzedf  the  transistors  start  to  conduct  and  the  capacU 
tors  become  charged.  Assuming  Q2  conducts  more  heavily,  Its  collector  voltage  will 
decrease  more  than  the  collector  voltage  of  Ql.  This  means  the  voltage  applied 
across  Cc2  is  reduced,  causing  It  to  discbarge  through  Rbl.  As  a  result,  the  voltage 
drop  across  Rbl  opposes  the  forward  bias  of  QL  The  conduction  of  Ql  decreases 
and  Its  collector  voltage  goes  up.  This  means  more  voltage  Is  applied  across  Ccl, 
causing  It  to  charge  through  the  emltter^base  Junctionof  Q2.  As  a  result,  the  forward 
bias  current  of  Q2  increases. 

The  conduction  of  Q2  becomes  greater  and  its  collector  voltage  decreases,  further 
reducing  the  voltage  applied  across  Cc2.  The  action  Is  regenerative  and  continues 
until  Ql  is  cut  off  and  Q2  conducts  In  saturation. 

As  Cc2  contines  to  discharge,  the  voltage  drop  across  Rbl  decreases.  When  the  base 
voltage  of  Ql  reaches  zero,  Ql  st^trts  conducting,  decreasing  Its  collector  voltage* 
This  starts  the  second  half  cycle.  This  means  less  voltage  Is  applied  across  Ccl, 
causing  It  to  discbarge  through  Rb2.  As  a  result,  the  voltage  drop  across  Rb2  opposes 
the  forward  bias  of  Q2«  The  conductionof  Q2  decreases  and  its  collector  voltage  goes 
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ui),  This  moana  more  voltauft*  Is  applied  across  Cc2,  causing  U  to  chargt^  through  tho 
omlttor-baso  Junction  of  Ql.  As  a  rusult,  tho  forward  bias  current  of  Ql  Increases, 
The  conduction  o£  Ql  goosup  and  Its  collector  voltage  goes  down^  further  reducing  the 
voltaKe  applied  across  Cel.  Again,  the  action  Is  regenerative  and  eontijaues  until  Q2 
Is  cut  off  and  Ql  conducts  in  saturation, 

A3  Ccl  continues  to  discharge,  the  voltage  drop  across  nb2  decreases.  When  the 
base  voltage  of  Q2  reaches  zero,  Q2  again  starts  conducting^  repeating  the  cycle. 

The  amount  of  time  either  translator  conducts  depends  on  how  long  the  other  tran*- 
slstor  Is  cut  off.  This  In  turn,  Is  controlled  by  the  capacitor  discharge  circuits* 
Therefore,  the  conduction  time  of  Ql  Is  determined  by  the  time  constant  of  Ccl  and 
Rb2;  similarly,  the  conduction  time  of  Q2  Is  determined  by  the  time  constant  of  Cc2 
and  RbL 


2.  The  results  of  the  operation  are  shown 
In  the  following  waveform  diagram, 
Usuailyt  the  circuit  Is  designed  so  that 
the  transistors  conduct  In  saturation. 
This  brings  the  collector  voltage  of  Q2 
(Vc2)  almost  to  zero  in  a  relatively  short 
time,  so  that  the  start  of  the  waveshape 
(TI)  Is  fairly  linear.  Simultaneously,  the 
base  voltage  of  Q2  (Vb2)  goes  slightly 
positive  because  of  the  voltag^^  drop 
across  the  emitter-base  Junction. 
base  voltage  of  Ql  (Vbl)  is  driven  nega- 
tive by  the  discharge  of  Cc2,  While  Ql 
is  cut  off  Ccl  charges  throiigh  Rcl, 
limiting  the  collector  voltage  (Vcl)  to  an 
expotentiai  rise. 

Since  Ccl  charges  through  Hcl  while  Ql 
Is  cut  offj  the  collector  voltage  of  Ql 
(Vcl)  does  not  reach  the  B-^-  value  until > 
Ccl  has  completely  charged.  Therefore, 
the  amount  of  time  It  takes  the  Ql  col- 
lector voltage  to  reach  the  B+  value  de- 
pends on  the  time  constant  of  Hcl  and 
Ccl:  similarly,  the  amount  of  time  it 
takes  the  Q2  collector  voltage  (Vc2)  to 
reach  the  value  (T2  to  T3)  depends  on 
the  time  constant  of  Hc2  and  Cc2.  A^* 
suming  the  circuit  is  symmetrical,  the 
base^d  collector  waveshapes  of  Ql  will 
be  similar  to  those  of  Q2,  but  of  opposite 
phase  < 

If  the  time  coastants  of  Cci*-Hb2  and 
Cc2-Hbl  are  different,  the  cut  off  time 
of  the  transistors  would  be  different. 
This  would  cause  unsymmetrlcai  wave- 
shapes. 


T2T3  T4 


0 
B  + 

0 

+ 


n 


:i  1^  I 


TIME 


3, a. 


When  the  circuit  is  flrat  energized,  the  capacitors  start  to  charge  through  the 
{  )  and  the  {  )  in  the  collector  circuits, 

//////////////////// 
tranalstora  resistors 

3.  b.  Assuming  Q2  conducts  more  heavily.  Its  collector  voltage  will  go  {higher/lower)  than 

that  of  Ql. 

//////////////////// 
lower 

4.  a. 


A  decrease  In  the  collector  voltage  of  Q2  causes  Cc2  to  ( 

//////////////////// 
discharge 


)  through  Rbl. 
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4,b,  Tho  voltago  Jovolopod  slctobb  libt  (  Ttho  forward  Was  of  Ql. 

//////////////////// 

OppOJ308 

Thi3  causes  tho  conduction  of  Ql  to  (  ). 

//////////////////// 
decreade 

4.d.  Plb  a  reaultr  the  collector  voltage  of  Ql  <  ). 

//////////////////// 
Increases 


The  Increased  collector  voltage  of  Ql  cauaea  Ccl  to  ( 

//////////////////// 
charge 


) through  Q2. 


5.b.  Charging  current  through  Q2  <  )  its  forward  blas^  driving  It  to  ( 

//////////////////// 
{  Increases  saturation 

5.C.  This  further  reduces  the  (  )  voltage  of  Q2. 

//////////////////// 
collector 
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O.a. 


The  reduced  collector  voltage  of  02  causes  the  discharge  of  Cc2  through  Rbl  to 
(  ). 

//////////////////// 
Increase 

6,b.  The  Increased  voltage  developed  across  HbL  (  )  biases  Ql. 

//////////////////// 

reverse 


6,c.  As  a  result,  Ql  is  driven  to  (  ). 

//////////////////// 

cutoff 


7.a. 


B+ 


X 


i 


As  Cc2  continues  to  discharge,  the  reverse  bias  across  Rbl  ( 

//////////////////// 


decreases 


217 


ERIC 


2D3 


7,b,  When  tho  baao  voltago  of  QL  reachos  zero,  QL  (  T 

//////////////////// 
conducts 


7,c,  Thl9  causes  the  collector  voltage  of  Ql  to  {  ), 

//////////////////// 
decrease 


The  decreased  collector  voltage  of  Ql  causes  Ccl  to  {  )  through  Rb2, 

//////////////////// 
discharge 

8*b,  The  voltage  develo[>ed  across  Rb2  (  )  the  forward  tAas  of  02, 

//////////////////// 
opposes 

8*c,  This  causes  the  conduction  of  Q2  to  {  )* 

//////////////////// 

decrease 

8,d*  A3  a  result,  the  collector  voltage  of      (  ), 

//////////////////// 

increases 

218 
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The  Increased  collector  voltage  of  Q2  causes  Cc2  to  (  )  through  Ql- 

illlllllllllillUlU 

charge 

9,b.  The  charging  current  (  )  the  forward  bias  of  QL 

//////////////////// 

Increases 

9.C,  This  drives  Ql  to  (  Y 

//////////////////// 
saturation 

9.(1.  As  a  result,  the  collector  voltage  oIQl  Is  further  (  ). 

//////////////////// 

decreased 
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B+ 


The  decreased  collector  voltage  of  Ql  (  }  the  discharge  current  of  Ccl 

through  Rb2. 

//////////////////// 
Increasea 

10.  b.  The  Incre^ed  voltage  <irap  acroas  Rb2  drives  Q2  to  (  }. 

//////////////////// 
cutotf 

11.  a.  B+ 


As  Ccl  continues  to  dlsctiarge,  the  voltage  drop  across  Hb2  (  ). 

//////////////////// 
decreases 
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11. b.  When  the  baae  voltage  of  Q2  reaches  zero,  Q2  (  ),  repeating  the  cycle. 

//////////////////// 
conducts 


12,a,  When  q2   Is  cut  olf,   Its  collector 
voltage  Is  at  (zero/B+). 


//////////////////// 
B+ 


12.b.  The  collector  voltage  of  Q2  drops  almost  to  zero  when  Q2  ( 

//////////////////// 
conducts 

12.C.  Q2  remains  In  conduction  while  (  )  discharges  through  ( 

//////////////////// 
Cc2  Rbl 

12.d.  If  the  value  of  Cc2  Is  Increased,  the  conduction  time  of  Q2  { 

//////////////////// 

increased 

12.e.  If  the  value  of  Rbl  is  decreased,  the  conduction  time  of  Q2  ( 

//////////////////// 
decreased 


12. f.   The  collector  voltage  of  q2  rises  again  to  B-t- while  ( 
(  ). 

//////////////////// 
Cc2  Rc2 


)  charges  through 


12.g.  If  the  value  of  Cc2  is  Increased,  the  rise  time  of  Vc2  ( 

//////////////////// 
Increases 
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12. h.  li  the  value  ol  Rc2  la  decreased,  the  rtfte  time  oi  Vc2  ( 

llllllllllllllllllll 

decroa^QS 


Ccl 


Rb2 


12. J.   If  the  value  of  Ccl  is  Increased,  the  cutoff  time  of  Q2  ( 

llllllllllllllllllll 

Increases 

12. k.  If  the  value  of  Rb2  Is  decreased,  the  cutoff  time  of  Q2  { 

llllllllllllllllllll 
decreases 


13. a.  When  Q2  conducts.  Its  base  voltage 
goes  slightly  (  ). 


llllllllllllllllllll 
positive 


13. b.  Vb2  remalna  poalUve  whUe  Q2  la  (  ). 

llllllllllllllllllll 
conducting 


13. c.  Vb2  goes  negaUve  when  ( 


)  dlscharSes  through  ( 

llllllllllllllllllll 


12.1.   Q2  remains  cut  off  while  (  )  discharges  through  ( 

illlllllllllllllllll 


Ccl 


Rb2 


222 


ERIC 


303 


L3.d.  Ad  CcL  cllAchargofl,  Vb2  (  )  oxponontialLy. 

//////////////////// 
rises 


13,0.  Aflsumlng  the  circuit  la  symmetrical,  tho  coUoctor  and  baao  wavoahapea  of  QI  will  bo 
the  8amo  but  of  opposite  (  ). 

//////////////////// 
phase 


13,f.  How  can  tho  waveahapo  be  made  unaymmetrlcal? 

//////////////////// 
By  making  the  time  constants  of  Ccl-Rb2  and  Cc2-Rbl  different. 


L     MONOSTABLE  (ONE-SHOT)  MULTIVIBRATOR: 


^OUTPUT 


A  monoAtable  multivibrator  has  only  one  atable  ^te;  one  transistor  la  conducting 
and  the  other  la  cut  off.  When  a  trigger  pulae  Is  applied  to  the  circuit,  the  stagea 
switch  fftatea.  After  a  certain  time  period,  the  stages  revert  back  to  their  atable 
state  by  themselves. 

When  no  trigger  pulse  is  applied  to  the  monoatatde  multivibrator,  both  transistors 
go  into  their  stable  states  because  of  the  way  that  they  are  biased.  The  B-  supply 
reverse  biases  the  base  of  QL  Rbl  and  R2  form  a  voltage  divider  and,  as  a  result, 
the  bias  voltage  at  the  base  of  Ql  depends  on  how  highly  positive  the  collector  volt^ 
age  of  Q2  is.  If  the  positive  collector  voltage  of  Q2  is  high,  the  base  of  Ql  will  be 
positive  and  forward  tiiased.  If  the  collector  voltage  is  low,  the  base  of  Ql  wUl  be 
negative  and  reverse  biased.  The  B+  power  supply  tiiases  the  base'emitter  circuit 
of  Q2  in  the  forward  direction  so  that  Q2  normally  conducts  heavily.  Its  collector 
voltage  is  therefore  low,  so  that  Ql  is  reverse  biased  and  cut  off.  The  stable  state  of 
this  monostable  multivibrator  is  with  Ql  cut  off  and  Q2  conducting. 
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A  pofilUvo  trlffger  pulao  of  oufflclont  ampLltudo  ovorcomos  the  rcvertfo  Ua^  on  QL 
and  drlvos  It  Into  conduction;  this  lowers  the  Ql  collector  voltage  and  causes  CI  to 
discharge  through  nb2,  reducing  the  forward  blua  of  Q2,  The  conduction  of  Q2  do- 
creaaes,  causing  its  collector  voUagc  to  rise.  This  Increases  the  positive  potential 
applied  to  R2  and  Rbl,  so  that  Ql  becomes  forward  biased  and  conducts  heavily.  The 
collector  voltage  of  Ql  falls  to  a  minimum^  Increasing  the  discharge  of  CI  through 
Rb2,  Thla  reverse  biases  Q2,  driving  It  to  cutoff.  The  collector  voltage  of  Q2  rises 
again  and  causes  Ql  to  be  driven  into  saturation.  The  transistors  will  stay  In  these 
new  states  as  long  as  the  discharge  of  CI  keeps  Q2  cut  off. 

As  CI  continues  to  discharge,  the  voltage  drop  across  Hb2  decreases.  When  It  de- 
creases enough,  the  B+  power  supply  again  forward  biases  Q2,  and  Q2  conducts.  The 
collector  voltage  of  Q2  drops,  lowering  the  potential  applied  to  R2  and  Rbl,  The 
lower  voltage  across  Rbl  reduces  the  forward  bias  of  Ql,  As  a  result,  the  conduc- 
tion of  Ql  decreases  and  Its  collector  voltage  Increases.  This  causes  CI  to  charge 
through  Q2,  Increasing  the  forward  bias  of  Q2  and  driving  It  Into  saturaUon,  The 
collector  voltage  of  Q2  drops  to  a  mlnlmuni,  further  lowering  the  potential  applied 
to  R2  and  Rbl,  As  a  result,  the  drop  across  Rbl  becomes  less  than  the  value  of  the 
supply.  This  reverse  biases  Ql  and  drives  It  to  cutoff.  This  puts  the  circuit  back 
Into  Its  stable  state.  The  circuit  remains  with  Q2  conducting  and  Ql  cut  off  until  the 
next  trigger  pulse  is  applied. 

When  pulses  of  VERY  SHORT  duration  are  used  to  trigger  the  mulUvibrator,  the 
trigger  pulse  may  pass  through  the  circuit  BEFORE  the  circuit  has  time  to  respond. 
To  prevent  this  from  occurring,  a  small  capacitor  (C3),  Is  usually  placed  across 
coupling  resistor  R2  to  increase  the  response  time  of  the  circuity  theretiy  Insuring 
more  positive  triggering.  This  capacitor  Is  called  a  commutatlng  capacitor,  and  it 
is  used  in  most  "triggered"  multivibrators. 


2,  The  diagram  shows  the  effect  of  a  trig- 
ger pulse.  The  circuit  returns  to  its 
stable  state^Q2  conducting  and  Ql  cut 
off^when  the  Rb2  voltage  drop,  caused 
by  CI  discharging^  equals  the  voltage  of 
the  B+  power  supply.  Vb2  rises  from  a 
negative  value  to  zero  as  CI  discharges. 
The  curved  rise  of  Vcl  Is  caused  by  CI 
discharging  through  Rcl, 
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-B+ 

X 


TRIGGER 
INPur 


OUTPUT 


The  B«  power  supply  O^everse/forward)  blaaes  QL 

//////////////////// 


reverse 


3,b*  But  the  blaa  on  QL  also  depends  on  the  (  )  voltage  of  Q2, 

//////////////////// 


collector 


3x,  If  the  Q2  collector  voltage  la  highly  positive,  Ql  will  be  ( 

//////////////////// 


)  biased. 


forward 


3,d,  If  the  Q2  collector  voltage  Is  tow^  Ql  will  be  (  )  biased, 

//////////////////// 


reverse 
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4.  a. 


TRIGGER 
INPUT 


<>0UTPUT 


The      power  supply  causes  Q2  to  be  (  )  biased, 

//////////////////// 

forward 


4.b*  Q2  conducts  heavily^  causing  its  collector  voltage  to  be  ( 

//////////////////// 


lowr  small 


4.C.  This  causes  the  base-to-emitter  voltage  of  Ql  to  be  (negative/positive). 

//////////////////// 


negative 


4.d.  Ql,  then.  Is  reverse  biased.  The  sta^re  Is  (conducting/cut  o£0^ 

//////////////////// 


cut  off 


4,e.  The  stable  state  la  with  (  )  cut  off  and  (  )  conducting. 

//////////////////// 
Ql  Q2 
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When  a  poaltlve  trigger  pulae  with  high  enough  amplitude  la  applied  «1  the  trigger 
Input,  Ql  (  ). 

//////////////////// 
conducta 

5.b.  Thla  cauaea  the  collector  voltage  of  Ql  to  go  (  )* 

//////////////////// 

down 


5,c,  Aa  a  result,  CI  ( 


)  through  Rb2- 

//////////////////// 

discharges 


6,  a. 


OUTPUT 


TRIGOER 
tNPUT 


The  voltage  developed  acro&a  Rb2  (alds/oppoaes)  the  forward  bias  of  Q2. 

//////////////////// 

oppoaes 
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^,h.  TbU  cautfOD  the  conduction  of  Q2  to  (  )* 

//////////////////// 

decre&ae 


O.c,  Aa  a  result^  ltd  collector  voltage  goes  (  ). 

//////////////////// 

up 


8. a. 


TRIGGER. 
INPUT 


_  B-  B+  _ 

The  higher  collector  voltage  of  Q2  (  )  the  forward  blaa  of  Ql. 

//////////////////// 
Increafles 


When  the  conduction  of  Ql  becomes  maximum*  ltd  collector  voltage  goes  to  ft  ( 

//////////////////// 

minimum 
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6,b,  Thld  (  )  tho  dlschargo  of  CI  through  Bb2, 

//////////////////// 
Increaiiofi 


The  lncr<jafi6cl  voltage  acro60  Rb2  (  )  blaiiefi  Q2«  driving  It  to  (  ). 

//////////////////// 
reverflfl  cutotf 
6.<J.  Q2  will  remain  cut  off  bb  long  ad  (  )  continues  to  discharge  through  Rb2. 

//////////////////// 
CI 


TRiGGEfit/ 

input" 


oOUTPUT 


Afl  CI  continues  to  discharge,  the  voltage  drop  across  Rb2  ( 

//////////////////// 
decreases 


S.b.  When  the  voltage  drop  across  Rb2  goes  below  the  value  of  the  B+  supply,  Q2  ( 

//////////////////// 
conducts 

d.c.  The  collector  voltage  of  Q2  then  goea  (  ), 

//////////////////// 
down 
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10.  a. 


The  lower  collector  voltage  at  Q2  ( 


)  the  voltage  drop  acroaa  Rbl, 


//////////////////// 


decrea^ea 


10>b.  This  reduces  the  forward  bias  on  (  )- 

//////////////////// 
Ql 


11, a. 


INPUT 


-^OUTPUT 


The  reduced  forward  bias  of  Ql  causes  the  conduction  of  Ql  to  go  { 

//////////////////// 

down 
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ll.b.  Tho  coUoctor  voltags  o{  Ql  thon  goss  (  ), 

//////////////////// 


up 


U.c.  This  cauaes  CI  to  charge  through  (  ). 

//////////////////// 

Q2 


12.a. 


TRIGGER 
INPUT 


The  charging  current  of  CI  (  )  the  forward  bias  of  Q2,  drlvii^  It  to  ( 

//////////////////// 


tncreafles 


saturation 


12. b.  When  the  conduction  of  Q2  becomes  maximum,  ItscoUector  voltage  goes  to  a  ( 

//////////////////// 


minimum 


TRtCCeR 
INPUT 


The  voltage  across  RbL  fails  below  the  value  of  the  < 


//////////////////// 


B-  power  supply 


13. b.  As  a  result,  Ql  is  ( 


)  biased  and  Is  driven  to  < 


///////////  7/////// 


reverse 


cutoff 


13. The  circuit  Is  again  In  Its  (  )  state. 

//////////////////// 

stable 
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14*  Label  tho  a,,  smd  c«  wavoahapoa  In 
tho  diagram  to  colncldo  with  tho  Q2  col- 
lector voltago  In  tholr  propor  tltno  ro- 
latlonahlpd. 


TRICC£R 


0 
8^ 


(a) 


(b) 


(c) 


B  + 

0 
+ 


r 


//////////////////// 


a.  Q2  base  voltage  (Vb2) 


b.  Ql  collector  voltage  (Vcl)        c.  Ql  base  voltage  (Vb2) 


In  the  monostable  multivibrator  Just  described^  the  circuit  was  made  to  switch 
states  by  applying  a  positive  trigger  pulse  to  Ql,  thereby  forward  biasing  Ql  and 
driving  it  Into  conduction.  The  circuit  could  also  have  been  made  to  switch  states 
by  ^plying  a  NEGATIVE  trigger  pulse  to  Q2,  thereby  reverse  biasing  Q2  and  caus- 
ing it  to  cut  off. 

Also,  the  output  of  the  monostable  multivibrator  just  described  was  taken  off  at  the 
collector  of  Q2.  The  output  could  have  been  taken  off  at  the  collector  of  Ql  instead. 
Of  course^  the  voltage  at  each  collector  is  160"  out  of  phase  with  the  other:  i^e., 
when  a  positive  agoing  pulse  is  present  on  the  collector  of  Q2,  a  negative-going 
pulse  is  present  on  the  collector  of  Q2. 
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T    BISTABLE  (FUP-FLOP)  MULTlVIBRATOn: 


OUTPUTo 


TRIGGER 
INPUT  1  o^f 


oOUTPUT 


TRIGGER 
^|--o|NPUT  2 


A  blfltable  multivibrator  I0  similar  to  the  free-ninnljie:  multivibrator  dlsciurffed  earlier, 
except  that  It  does  not  nm  freely.  The  circuit  ha^  two  atable  states:  Ql  conducting  and 
Q2  cut  oft;  and  Q2  conducting  and  Ql  cut  off.  A  trigger  pulae  applied  to  the  clrcnilt  will 
cause  It  to  switch  from  ^ne  state  to  the  other.  Another  trigger  pulse  Is  then  required  to 
cause  the  circuit  to  switch  t»ac1c  again. 

You  can  see  from  the  diagram  above  that  the  trigger  pulae  can  be  applied  to  either  stage 
and  that  the  output  can  be  taken  off  from  either  stage.  Since  NPN  transistors  are  uaed 
here,  a  poaltlve  trigger  pulse  can  be  used  to  drive  the  nonconducting  stage  into  conduc- 
tion or  a  negative  trigger  pulae  can  be  uaed  to  cut  off  the  conducting  atage.  For  this 
diacuaalonf  assume  that  the  trigger  pulae  la  applied  to  Ql  and  the  output  signal  is  taken 
off  at  the  collector  of  Q2. 

Before  going  on  to  discuss  how  the  bistable  multivibrator  works»  notice  tbat»  unlike  the 
free-running  and  monostabLe  multivibrators  Just  discussed,  tills  blstabie  multivibrator 
does  not  use  t>aae  resistors  to  develop  emltter*base  bias  vdltagea.  Inatead  It  uaes  an 
emitter  resistor,  He,  which,  along  with  the  emltter-baae  resistance  of  each  transistor 
and  the  cotqpUng  resistor  (sitter  Hi  or  H2}»  form  ^  voltage  divider  network  from  col^ 
lector  to  ground.  The  amount  of  current  flowing  through  He  wlU  remajn  essentially 
constant  becaus*  He  Is  common  to  both  Ql  and  Q2.  Aa  the  current  through  Ql  Increaaes, 
the  current  through  Q2  will  decrease,  and  vice  versa.  The  9UM  of  currents  through  Ql 
and  Q2  wlU  remain  the  same* 

Look  at  Base  current  of  Q2  Is  from  ground,  through  emitter  resistor  He,  through  the 
emltter-baae  junction  and  tlien  through  HI  to  the  collector  of  Ql«  The  amount  of  current 
flowing  ttirou^  He  wlU  remain  essentially  constuit  and,  therefore^  a  constant  positive 
voltage  will  be  present  on  the  emitter  of  Q2  (and  Ql  also}*  Bowever,  the  amount  of  cur- 
rent flowing  tlirough  the  emltter-baae  junction  of  Ql  and  through  Hi  dependa  on  the  value 
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of  coLLoctor  voLtago  or  QL  Current  flow  through  tho  omlttor-baao  Junction  will  csiuso  the 
biLse  to  bo  positive  with  respect  to  the  emitter.  The  emitter  base  blaa  voltage*  then^  ifi 
the  sum  of  the  positive  voltage  at  the  base  and  the  positive  voltage  applied  to  the  emitter 
by  Re.  Transistor  Q2«  which  Is  an  NFN  type*  wlU  be  forward  biased  and  wlU  conduct  so 
long  as  the  voltage  on  the  base  is  more  positive  than  the  voltage  developed  across  Re. 
When  the  voltage  at  the  base  drops  below  the  voltage  across  Re,  transistor  Q2  will 
become  reverse  biased  and  will  cut  off*  The  manner  In  which  etnltter-base  bias  Is 
developed  for  Ql  Is  exactly  the  same. 

The  advantage  of  using  this  method  of  biasing  is  that  emitter  resistor  Re  provides 
stabilization*  If  the  current  through  either,  or  both*  transistors,  tends  to  vary  because 
of  ambient  temperature  changes,  the  voltage  drop  across  Re  will  alao  vary  to  return  the 
current  to  Its  original  value* 


Now  go  on  to  see  how  a  bistable  multivibrator  operates. 

As  with  the  free^ninning  multivibrator*  both  transistors  start  to  conduct  when  the  circuit 
iB  flrSt  energized  Assuming  Q2  conducts  more  heavily,  its  collector  voltage  will  de-^ 
crease  more  than  the  collector  voltage  of  Ql.  This  lowers  the  potential  applied  across 
the  series  circuit  of  R2  and  the  emitter-base  resiata^ice  of  Ql;  therefore,  the  positive 
voltage  drop  across  each  resistor  is  reduced.  The  lower  voltage  drop  across  the  emitter- 
base  resistance  decreases  the  forward  bias  of  Ql.  The  conduction  of  Ql  goes  down  and 
its  collector  voltage  rises*  This  Increases  the  potential  applied  across  the  series  circuit 
of  Rl  and  Q2  emltter*base  resistance.  As  a  result,  the  positive  voltages  across  these 
two  resistors  Increase.  The  bigger  voltage  drop  across  the  emitter -^base  resistance 
Increases  the  forward  bias  of  Q2,  driving  it  to  saturation,  further  reducing  its  collector 
voltage.  This  again  lowers  the  potential  applied  across  R2  and  Ql  emitter-base  resis- 
tance so  that  the  voltage  developed  across  the  emitter-base  resistance  falls  below  that 
across  Re,  This  results  in  a  negative  bias  being  applied  to  the  base.  As  a  result  of  this 
reverse  bias,  Ql  is  cut  oCf.  The  circuit  stabilizes  with  Q2  conducting  and  Ql  cut  off. 
The  circuit  stays  In  this  stable  state  until  Ql  is  made  to  conduct.  This  is  done  when  a 
trigger  pulse  is  applied  to  either  base, 

A  positive  trigger  pulse  applied  to  the  base  of  Ql  will  cause  the  circuit  to  switch  stable 
states.  The  trigger  pulse  overcomes  the  reverse  bias  and  drives  Ql  into  conduction. 
This  causes  the  collector  voltage  of  Ql  to  drop,  lowering  the. voltage  applied  across  Rl 
and  Q2  emltter-^t>ase  resistance.  The  reduced  voltage  drop  across  Q2  emitter-base 
resistance  lowers  the  forward  bias  of  Q2f  which,  in  turn,  decreases  the  conduction  of 
Q2.  This  causes  the  collector  voltage  of  Q2  to  rise,  thereby  Increasing  the  voltage  ap« 
plied  across  R2  and  Ql  emitter-base  resistance.  The  greater  voltage  drop  across  the 
emitter-base  resistance  further  Increases  the  forward  bias  of  Ql,  driving  it  to  satura-' 
tlon  and  lowering  its  collector  voltage  still  more.  This  further  reduces  the  voltage 
applied  across  Rl  and  Q2  emitter-base  resistance.  The  drop  across  Q2  em/tter-^base 
resistance  becomes  less  than  the  voltage  drop  across  Re,  so  that  Q2  is  reverse  biased 
and  driven  to  cutoff.  The  circuit  remains  in  this  stable  state  with  Ql  conducting  and  Q2 
cut  ott  until  another  trigger  pulse  is  applied. 
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2.  The  diagram  ahows  the  effect  of  two 
trlggar  pulses*  Asaume  that  Q2  is  con- 
ducting sma  Ql  til  cut  off.  The  first  trig- 
ger pulae  raises  the  base  voltage  ofQl 
abova  the  voltage  across  Re  and  brings 
Ql  into  conduction,  lowering  Its  collector 
voltage  (Vcl).  The  base  voltage  of  Q2 
goes  more  negative  than  the  voltage 
across  Re  and  cuts  off  Q2,  raising  Its 
collector  voltage  (Vc2).  The  second  trig- 
ger pulse  has  the  opposite  effect.  The 
pulse  width  depends  on  the  frequency  of 
the  trigger  pulses. 


1 


TRIGGEfl  + 


^1 


+ 

Vb(  0 

3,a. 


OUTPUTo 


TRIGGER  „ 


OUTPUT 


TRKjCER 


When  the  circuit  1b  energized,  the  conduction  of  each  transistor  iB  ftbe  same/ 
different). 

//////////////////// 

different 

3.b.  Since  R«  Is  comnon  to  Ql  and  Q2,  current  through  Re  will  (dec rease/lncr ease/remain 
conatant). 

//////////////////// 
remain  constant 
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3.C.  Aamimlng  Q2  conducts  moro  hoavUy,  Its  collector  voltage  will  ( 
that  of  Ql. 

//////////////////// 
decrease 


)  more  than 


^.d.  This  decreases  the  voltage  applied  across  the  series  circuit  consisting  of  ( 
and  (  ). 


R2 


//////////////////// 

Ql  emltter-baae  resistance 


OUTPUT^ 


TRIGGER  . 
INPUT  1<H-|f 


<)OUTPUT 


TRIGGER 


The  decreased  collector  voltage  of  Q2  causes  the  positive  voltage  dropped  across 
Ql  emitter-base  resistance  to  (  ). 

//////////////////// 
decrease 


4.b.  The  reduced  drop  across  Ql  emitter-base  resistance  ( 

//////////////////// 


)  the  forward  bias  of  QL 


decreases 
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4.C,  Ab  a  result,  thg  conduction  of  Ql  (  ). 

//////////////////// 


decreaaes 


When  the  conduction  of  Ql  goes  down,  Its  collector  voltage  goeg  ( 

//////////////////// 

up 


5.b.  This  caiisea  the  voltage  applied  acrogg  Rl  and      emltter^baae  resistance  to  (  ). 

//////////////////// 

Increase 

5.C.  A3  a  recruit,  the  positive  voltage  dropped  across  Q2  emlttei^base  resistance  (  ), 

//////////////////// 

increases 
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OUTPUT* 


TRIGGER  , 
INPUT 


<jOUTPUT 


TRIGGER 
oINPUt  2 


The  Increased  voltage  drop  across  Q2  emltter*base  resistance  raises  the  ( 
bias  of  Q2,  driving  Q2  to  (  ). 

//////////////////// 


forward 


saturation 


6.b*  This  catises  the  collector  voltage  of  Q2  to  go  to  its  (mtninmm/maxlmum)  valtie. 


//////////////////// 


minlmtim 


6.C.  As  a  result,  the  voltage  applied  across  R2  and  Q2  endtter^base  resistance  is  further 


//////////////////// 


decreased 
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7,  a. 


OUTPUTS 


TRIGCER 


OUTPUT 


TRIGGER 
^I^INPUT  2 


The  reduced  voltage  further  ( 
bue  reslatance. 


)  the  voltage  developed  acrosa  Ql  etnltter- 


//////////////////// 


ddcreaaea 


7,b,  The  voltage  drop  acrosa  Ql  emitter-baae  refllstance  becomea  (smaller/greater)  than 
the  voltage  acroaa  Re, 


//////////////////// 


amaller 


7,c,  As  a  result,  Ql  la  (  )j3laaed  and  la  driven  to  (  ), 


//////////////////// 


reverse  cutoff 
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1. 


<H>TPUT* 


^OUTPUT 


TRIGGER 
^f— oiNPUT  2 


Q2  will  conduct  and  Ql  will  remain  cut  off  until  a  ( 
to  the  base  of  Ql, 


)  trigger  pulse  Is  applied 


//////////////////// 


positive  (A  negative  pulse  could  be  applied  to  the  base  of  Q2.) 


d.b.  The  positive  trigger  pulse  wlU  counteract  the  (  )  Mas  on  Ql. 


//////////////////// 


reverse 


d.c*  This  causes  Ql  to  ( 


//////////////////// 


conduct 
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When  Ql  conducts,  its  collector  voltage  (  ). 

//////////////////// 

decreases 

?  b-  Thla  applies  {more/leflfl)  positive  voltage  to  Rl  and  Q2  emitter-base  realatance, 

//////////////////// 

less 

9.c<  As  a  result,  the  voltage  dropped  across  Q2  emitter-base  resistance  becomes  {smaller/ 
greater), 

//////////////////// 
smaller 
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The  fimaller  voltage  drop  across  Q2  emltter-base  reslgtance  (  )  the  tonvard 

tdas  of  Q2. 

//////////////////// 


decreades 


lO.b.  Thlg  causes  the  conduction  of  Q2  to  go  (  ). 

//////////////////// 

down 


lOx,  As  a  result,  the  collector  voltage  oXQ2  (  ). 

//////////////////// 

Increases 


The  higher  collector  voltage  of  Q2  (  )  the  voltage  applied  to  R2  and  Ql 

emltter-bajae  realatance. 

//////////////////// 


Increaaea 


ll.b*  This  causes  cbe  TOltage  developed  across  Ql  emlttar-bass  resistance  to  become 
(greater/ smaUer  )• 

//////////////////// 
greater 

11. c/  The  greater  voltage  drop  developed  across  Ql  emitter-base  resistance  (  )  the 

forward  bias  of  Ql,  driving  It  to  ( 

//////////////////// 
lncr«aaea  aaturaUon 
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OUTPUT* 


TfllCGER 
INPUT  lo-|( 


oQUTPUT 


TRKJCER 


When  the  conduction  of  Ql  la  maudmtimf  tta  collector  voltage  id  (mulmtim/minlintim). 

//////////////////// 

minimum 


12*b.  Thla  ftirther  ( 


)  the  voltage  applied  across  Q2  emitter-base  resistance. 

//////////////////// 

decreases 


12.C.  The  ftirther  reduction  In  voltage  across  Q2  emitter-base  resistance  cauaes  Q2  to  be- 
come (  )  fatased,  driving  Q2  to  (  )• 


//////////////////// 
reverse  cutoff 


12.d.  With  Ql  now  conducting  and  Q2  cut  0%  the  circuit  ^vlll  again  flip  {of  its  own  accord/ 
only  when  triggered). 


//////////////////// 
only  when  triggered 


13.a.  The  pulse  width  of  the  output  of  a 
bistable  multivibrator  depends  on.  .  .  . 


TRIGGER  + 
0 
B+ 

0 

//////////////////// 
the  frequency  of  the  trigger  pulses. 


PULSE 
WIDTH 
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13.b.  How  mtuiy  stable  autoo  doofl  a  bistable  multivibrator  have? 

//////////////////// 

two 

13. c.  A  positive  pulflo  is  applied  to  the  transistor  that  is  cut  off  to  cause  th«  circuit  to  flip 
into  the  other  stable  state.  What  kind  of  a  pulse  can  be  applied  to  the  transistor  that  is 
conducting  to  also  cause  the  circuit  to  change  states? 

//////////////////// 
negative 

13.d.  From  what  points  can  the  output  of  this  bistable  multivibrator  be  taken?  What  wUl  be 
the  difference  in  the  outputs  of  these  two  points? 

//////////////////// 
From  the  collector  of  Ql  or  collector  of  Q2. 

The  outputs  at  the  collectors  of  Ql  and  Q2  will  be  180*"  out  of  phase  with  each  other; 
that  ist  when  one  collector  Is  going  positive,  the  other  wttl  be  going  negative. 

Another  method  of  triggering  a  bistable  multivibrator  is  shown  below. 

9+ 


Instead  of  applying  a  positive  trigger  pulse  to  the  nonconducting  stage  or  a  negative 
trigger  pulse  to  the  conducting  stage,  this  method  applies  a  negative  trigger  pulse 
across  He.  In  affect,  then,  the  pulse  is  applied  to  both  Ql  AND  Q2.  No  matter  which 
stage  is  conducting  and  which  one  is  cut  o£f,  the  circuit  will  reverse  states.  The 
negative  pulse  will  have  no  affect  on  the  stage  that  is  cut  o£^  but  It  will  overcome 
the  forward  bias  of  the  conducting  stage  to  start  the  multivibrator  "action"  previ* 
ously  described.  This  type  of  triggering  is  often  called  toggle  switching  or  emitter 
triggering. 
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1*    3CHMITT  TRIGGER: 


■OUTPUT 


A  Scbmltt  trtsfi:er  is  similar  to  a  monoatatle  multivibrator,  except  that  the  width  of  the 
output  pulfle  is  determined  by  the  Itequency  of  the  trl^ering  atgnalf  which  ts  uaiially 
a  fflne  vave.  The  stable  stats  of  the  circuit  ts  with  Ql  off  and  Q2  on.  When  fhe  input 
signal  goes  posttlYe»  Ql  conducts  and  Q2  cuts  off.  When  the  Input  signal  decreases^  the 
circuit  returns  to  tts  stable  state* 

When  the  circuit  ts  first  energized,  current  flows  through  the  series  circuit  of  Rb2  and 
RL  The  voltage  drop  across  Rti2  forward  biases  the  t>ase'emltter  Junction  of  Q2.  This 
causes  Q2  to  conduct  heavily  through  Re.  Since  Re  Is  common  to  tx>th  transistors,  the 
voltage  drop  across  It  reverse  Mases  the  emitter-base  Junction  of  QL  This  holds  Ql 
cut  oft»  so  that  Its  collector  voltage  stays  high.  As  a  result,  fhe  large  voltage  drop  across 
Rti2  KEEPS  Q2  forward  biased  and  In  conduction*  The  circuit  remains  In  this  state  until 
a  signal  Is  applied  to  QL  The  input  trigger  signal  Is  usually  a  sine  wave. 

When  tlM  signal  reaches  a  positive  value  high  enough  to  overcome  the  reverse  bias 
across  Re»  Ql  conducts.  This  value  Is  called  the  upper  trl^erlng  point  (UTP).  When  Ql 
conducts,  the  collector  voltage  of  Ql  decreases,  lowering  the  forward  bias  of  Q2.  The 
conduction  of  Q2  goes  down,  lowering  the  voltage  drop  across  Re.  This  causes  fhe  con- 
duction of  Ql  to  Increase  even  more.  Even  though  the  conduction  of  Ql  Increases^  the 
voltage  drop  across  Re  still  decreases  because  Ql  conducts  less  than  Q2«  This  Is  ac- 
complished by  using  a  larger  value  resistor  for  Rcl  than  for  Rc2.  When  the  conduction 
of  Ql  increases^  its  collector  voltage  decreases  again.  This  forther  lowers  the  potential 
applied  to  Rl  and  R2.  As  a  result,  Q2  is  reverse  biased  and  driven  to  cutoff.  The  drop 
across  Re  goes  down  again,  and  the  conduction  of  Ql  goes  up  again*  As  long  as  the  li^t 
signal  is  still  applied  to  Ql  to  keep  it  conducting,  the  circuit  remains  in  this  state* 

Ql  never  reaches  saturation.  Therefore,  the  voltage  drop  across  Re  wl^n  Ql  conducts 
is  less  than  when  Q2  conducts*  As  a  result,  the  Input  trigger  signal  must  go  to  a  lower 
value  than  the  UTP  to  cut  off  Ql.  This  new  value  Is  called  the  lower  triggering  point 
(LTP).  When  the  input  trigger  signal  swings  down  close  to  the  LTP,  the  conduction  of 
Ql  decreases,  causing  its  collector  voltage  to  rise.  This  increases  the  drop  across 
Rti2,  forward  biasing  Q2  and  driving  It  into  conduction.  The  conduction  of  Q2  increases 
the  voltage  drop  across  Re  to  reverse  bias  Ql  and  drive  It  to  cutott*  The  collector  volt* 
age  of  Ql  rises  Airther»  increasing  fhe  forward  bias  of  Q2  to  drive  It  to  saturation.  The 
circuit  remains  in  this  stable  state  until  the  input  signal  reaches  the  UTP  to  start  the 
cycle  again* 
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The  output  tfl  umially  taken  from  the 
collector  of  Q2p  since  the  upper  part  of 
the  0lne  wave  appears  In  the  Ql  wave- 
shape*  Thl8  occurs  because  Ql  (k^s  not 
conduct  in  saturation.  When  the  input 
signal  reaches  the  UTP,  Ql  conducts  a^d 
cutA  ott  Q2.  This  causes  the  collector 
voltage  of  Q2  (Vc2)  to  go  highly  poslUve. 
Ql  conducts  until  the  LTP  Is  reachod. 
Then,  Ql  is  cut  off,  causing  Q2  to  con^ 
duct.  This  drives  Vc2  to  a  low  value. 


INPUT  4 
SIGNAL  0 


3*a. 


iNPUT's^ 


OUTPUT 


Current  through  Rb2  causes  ^  voltage  drop  that  (  )  txiases  Q2. 

//////////////////// 
forward 


3.b.  This  drives  Q2  to  ( 


//////////////////// 
saturation 


3.C*  Q2  emitter  current  produces  a  voltage  drop  across  He  that  ( 

//////////////////// 
reverse 


)  biases  QL 


3.d.  This  keeps  Ql  ( 


//////////////////// 
cut  off 
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B4- 


OUTPUT 


While  Ql  l8  cut  off,  Its  collector  voltage  la  Qilgh/low). 

//////////////////// 

high 


4.b.  Thl3  spiles  a  (large/small)  potential  to  Rl  and  Rb2. 

//////////////////// 

large 


4.C.  As  a  result,  the  voltage  drop  across  Rb2  keeps  Q2  (  )  biased. 

//////////////////// 

fiirward 


4.(t>  The  cif^ult  remains  in  this  stable  etate  untU  an  Input  signal  overcomes  the  (  ) 
blaa  on  QL 

//////////////////// 
reverse 
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S.a. 


INPUT* 


OUTPUT 


The  UTP  la  a  point  at  which  the  Input  signal  ovarcomaa  the  TOltasa  across  ( 

//////////////////// 

R« 

5.b.  When  the  Input  signal  reaches  the  UTP,  (  )  conducts. 

//////////////////// 

Ql 

5.C.  When  Ql  conducts,  its  collector  voltage  (  ). 

//////////////////// 

decreases 

S.d.  This  causes  the  potential  applied  to  Rl  and  Rb2  to  go  (  ). 

//////////////////// 

dowA 
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e.a. 


INPUT* 


OUTPUT 


The  smaller  drop  across  Rb2  (  )  the  forward  bias  of  Q2. 

//////////////////// 
decreases 

6.b.  Afl  a  result,  the  conduction  oi  Q2  goes  (  ). 

//////////////////// 

down 

6.e.  Therefore,  the  voltage  drop  across  Re  becomes  Oarger/smaller). 

//////////////////// 

smaller 

Ta^ 


INPUT* 


■OUTPUT 


The  smaller  drop  across  Re  causes  Ql  to  conduct  (more/less). 

//////////////////// 

more 


2S1 


erJc 


7.b.  When  tho  conduction  of  Ql  gooa  up,  its  coUector  voUa««  goe«  ( 

//////////////////// 
down 


7.C.  This  caudes  the  potential  applied  to  Rl  and  Rb2  to  (  ). 

//////////////////// 

decrease 


'OUTPUT 


The  drop  acrosa  Rb2  becomea  smaller  than  the  drop  across  (  ). 

//////////////////// 


8.b.  This  (  )  biases  Q2,  driving  it  to  (  ). 

//////////////////// 

reverse  cutoff 

8,c.  The  circuit  remains  In  this  state  as  long  as  the  Input  signal  Is  sufficiently  positive. 
When  the  signal  drops  enough,  (  )  will  tw  cut  ott. 

//////////////////// 
Ql 
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O.a, 


OUTPUT 


INPUT* 


When  the  input  signal  reaches  the  LTP,  the  conduction  of  Ql  ( 

//////////////////// 
decreases 


5^ 


9.b.  Thla  causes  the  collector  voltage  of  Ql  to  {  ). 

//////////////////// 

Increase 

9.C.  As  a  result,  the  potential  applied  to  Rl  and  Rb2  goes  ( 

//////////////////// 

up 

lO.a. 


INPUT* 


OUTPUT 


The  increased  voltage  drop  across  Rb2  apidlea  {  )  bias  to  Q2. 

//////////////////// 
forward 
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iO.b.  Thta  cAua«8  Q2  to  (  T 


//////////////////// 
conttuct 


lO.c.  Afl  a  r«0ult,  tit*  voltags  drop  acrosif  Re  (  )■ 

//////////////////// 
lncr«siaes 


lO.d.  The  IncreaMd  voltage  drop  across  Re  (  )  biases  Ql«  driving  It  to  ( 

//////////////////// 
reverse  cutoff 


11. a. 


INCUT 


OUTPUT 


When  Ql  cuts  off,  its  collector  voltage  (  ). 

//////////////////// 
Increases 


1  l.b.  This  ca\iees  tlie  potential  applied  to  Rl  and  Rb2  to  go  (  ). 

//////////////////// 

11. c.  The  larger  drop  across  Rt>2  (  )  the  forward  bias  of  Q2,  driving  It  to  ( 

//////////////////// 
Increases  saturation 
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12. a.  Draw  the  q2  COLLECTOR  WAVE- 
SHAPE  to  coincide  with  the  Ql  btuio 
Input  algnal  In  the  proper  time  re- 
latlonahlp. 


UTPV- 


INPUT  + 
SIGNAL  0 


//////////////////// 


INPUT  4 
SIGNAL  0 


12. b.  What  do  UTP  and  LTP  mean? 

//////////////////// 
upper  trigger  point  and  lower  trigger  point 
12.C.  Why  iB  the  LTP  lower  than  the  UTP? 

//////////////////// 

Since  Ql  does  not  conduct  In  saturation,  the  voltage  drop  across  Re  during  that  time 
Is  less,  and  so  a  lower  voltage  Is  needed  to  allow  the  drop  across  Re  to  cut  ott  Ql . 

12.d.  How  does  the  waveform  at  the  collector  of  Ql  dUfer  from  that  of  Q2? 

//////////////////// 

Since  Ql  does  not  conduct  In  saturation,  part  of  the  trigger  waveshape  is  reproduced 
at  Its  collector.  The  waveform  at  the  collector  of  Qi2  is  a  square  wave. 

12.8.  The  time  between  the  UTP  and  the  LTP  on  the  trigger  signal  determines  the  width  of 
of  the  output  square  wave.  What  two  characteristics  of  the  sine  wave  trigger  control 
this  time? 

//////////////////// 
Frequency  and  amplitude.  In  that  order. 
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L     BLOCKING  OSCILLATOR: 


6 


A  bLocklng  otfcUlator  Is  a  reereneratlve  circuit  that  cuts  ItfleU  oft  after  each  conduction 
cycle.  While  the  translator  conducts,  transtormer  coupling  from  the  collector  to  the 
tMse  provides  positive  feedback  until  jaturation  occurs.  Then  an  RC  networlcproduces 
a  reverse  bias  tbet  cuts  the  translator  oft  Current  throuffb  the  transistor  remains 
bLoclced  until  the  reverse  bias  produced  b7  the  RC  net^rk  drops  to  a  low  value.  Then 
the  transistor  conducts  again  to  start  a  new  cycle.  The  oscillating  frequency  depends 
on  the  time  constant  of  the  RC  network. 

When  the  circuit  Is  first  energizod,  the  transistor  starts  to  conduct*  Collector  current 
through  the  primary  develops  a  magnetic  field  that  Induces  a  voltage  In  tlie  secondary. 
The  connections  are  such  that  ths  secondary  winding  siqypUes  a  positive  voltage,  which 
Increases  the  forward  bias  on  the  base«emlttsr  Junction;  this  increases  the  collector 
current*  The  increase  In  collector  current  raises  the  voltage  induced  in  the  secondary, 
which  ftirthsr  increases  the  forward  bias.  The  action  Is  regenerative  and  continues  until 
the  transformer  approaches  saturation.  During  the  time  that  the  transistor  conducts,  the 
secondary  winding  causes  a  base  current  to  charge  Cb.  The  path  of  the  charging  current 
is  through  the  emltter-base  Junction  of  the  transistor*  Since  this  junction  Is  forward 
biased.  It  provides  a  low  resistance  path  so  Cb  becomes  charged. 

As  the  collector  current  continues  to  Increase,  the  transformer  approaches  saturation. 
This  causes  the  voltage  induced  in  the  secondary  to  decrease.  When  this  happens,  Cb 
starts  to  discharge  through  Rb.  The  voltage  drop  across  Rb  opposes  the  forward  bias, 
decreasing  collector  current  As  a  result,  the  transformer  field  begins  to  coUapsSf 
inducing  a  voltage  of  tfie  opposite  polarity  in  the  secondary*  The  voltage  now  across  the 
secondary  Is  negative  and  adds  to  the  voltage  across  Cb.  The  total  negative  potential  Is 
applied  to  the  base*  The  transistor  becomes  reverse  biased,  and  collector  current  Is  cut 
The  transistor  will  remain  cut  oft  as  long  as  the  discharge  voltage  dropped  across 
Rb  overcomes  the  battery  voltage*  As  Cb  continues  to  dlsctiarget  the  negative  volt- 
age drop  across  Rb  decreases.  The  voltage  continues  to  drop  until  the  transistor  Is 
again  forward  biased.  Then  the  transistor  conducts,  and  the  cycle  Is  repeated. 


The  dlsigram  Bhowg  tho  collector  ^nd 
bajEio  wavodhapea.  At  '^^  tho  tratidldtor 
conducts.  Inducing  a  negative -going  volt* 
age  acrodd  the  primary  and  a  podltlvo 
going  voltage  acrosd  the  aecondary.  At 
T2  the  tranofortner  approached  satura- 
tion. This  cauded  the  Induced  voltage  to 
decrease,  no  that  Cb  begins  to  dtdcharge. 
Collector  current  goes  down,  Inducing  a 
podlUve  going  voltage  acrodd  the  pri- 
mary and  a  negative  going  voltage  across 
the  secondary.  Then  as  Cb  continues  to 
discharge  through  Rb,  the  base  voltage 
climbs  back  to  a  value  that  allows  the 
transistor  to  conduct  ag^ln. 


3.  a. 


When  the  circuit  Is  first  energized,  ( 
Induces  a  voltage  In  the  secondary. 


)  current  through  the  transformer 


//////////////////// 
collector 


3.b.  The  voltage  Induced  In  the  secondary  winding  applies  a  ( 

//////////////////// 
positive 

3.C.  This  (aids/opposes)  the  forward  bias. 

//////////////////// 


)  potential  to  the  base. 


aids 


3.d.  The  higher  forward  bias  ( 


)  the  collector  current. 

//////////////////// 


increases 
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3*e*  Ail  ft  remilt,  the  voltage  Induced  tn  the  iecondary  wUvUng  <  )* 

//////////////////// 
tncreaao0 

3.f.  Thl0  further  Increaaea  the  (  )  blaa. 

//////////////////// 
forward 

3.g*  The  regenerative  action  continues  until  the  tranfl&rmer  approaches  ( 

//////////////////// 
saturation 


+  < 
s 


^  e+ 

While  the  translator  conducts,  the  poeltlve  secondary  voltage  cause*  Cb  to  ( 

//////////////////// 
charge 

4.1>.  The  charging  current  fiovts  through  the  (  )  of  tbA  transistor* 

//////////////////// 
emlttsr^base  Junction 

Ax*  Tte  emltter^bue  Junction  Is  (  )  biased. 

//////////////////// 
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i.d.  Thia  provldM  a  (hlgVlow)  r«fllstanc«  path  for  tha  charging  current. 

//////////////////// 


low 


4.e,  Ail  a  reault,  Cbbocomes  (p«rtlally/fully)  charged. 

//////////////////// 

fiUly 


5.a. 


+  It- 


If: 


~  B+ 

As  the  transformer  approaches  saturation,  the  voltage  Induced  In  the  secondary 

//////////////////// 


decreases 


5.b.  This  ca\ises  Cb  to  (  )  through  Rb. 

//////////////////// 

discharge 

5.C.  The  voltage  drop  produced  across  Rb  {aids/opposes)  the  forward  bias. 

//////////////////// 

opposes 
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5.d.  Ait  A  result,  collector  current  (  ). 

//////////////////// 

decreasca 


6.  a. 


+-  1/  " 


The  decrease  in  collector  current  causes  the  transformer  field  to  start  (eicpandlng/ 
collapsing)^ 

//////////////////// 
collapsing 


e.b.  This  Induces  a  ( 


)-golng  volta^  in  the  secondary. 

//////////////////// 

negative 


e.c.  The  voltage  across  the  secondary  and  the  voltage  across  Cb  (aid/oppose)  each  other. 

//////////////////// 

aid 

6.d.  As  a  result,  the  transistor  becomes  (  )  biased  and  Is  driven  to  (  }. 

//////////////////// 


reverse 


cutoff 
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7. a. 


Aa  Cb  dlflcharses,  the  voltage  drop  across  Rb  (  ). 

///://///:////////// 

decreases 


7.b.  The  transistor  will  again  conduct  when  the  voltage  across  Rb  is  less  than  the  ( 
voltage. 


//////////////////// 


B.a.  At  Tl,  the  transistor  ( 


//////////////////// 


conducts 
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6.b.  AtT2,  tho  tranitormer  approachei  (  ). 

/////////Uf//////// 
iAturatlon 


6.C.  Thli  c«u«e«  the  Induced  voLtigv  to  (  ). 

//////////////////// 
decreue 


6.d.  Ai  a  remit,  Cb  begtna  to  (  ). 

//////////////////// 
dlacharge 


M.  Collector  current  then  (  ). 

//////////////////// 
lncrea«efl 


8X  ThlJi  Induces  a  ( 


)  voltage  In  the  primary  and  a  (  )  voltage  In  the  aecond- 

//////////////////// 
poaltive  negative 


8.^.  Ai  Cb  dlechargeff,  the  base  voltige  goes  toward  (  ). 

//////////////////// 


zero 


282 


ERIC 


343 


Prepared  by  Kiaasler  TT  ' 
KEP-ST.; 


Technical  Training 


ELECTRONIC  PRINCIPLES  (MODULAR  SELF-PACED) 

VOLUME  IV 

SEMICONDUCTOR  PRINCIPLES 


1  August  1974 


AIR  TRAINING  COMMAND 
OMigntd  For  ATC  Cotirst  Us«  — 


00  HOT  USE  ON  THE  J0% 


Bsuslc  and  Applied  EloctrOnlca  Oopartmont 
Kecslor  Technical  Training  Center,  Mlsslsalppl 


Student  Text  3AQR30O20-1 
KEP-ST-W 
1  August  1674 


SEMICONDUCTOR  PRINCIPLES 

Thlfl  Student  Text  ts  the  prime  source  of  Information  for  achieving  the  objectives  of  this 
course.  This  training  publication  ts  designed  for  training  purposes  only  and  ahould  not  be 
used  as  a  basis  for  job  performance  in  the  field. 


CONTENTS 

CHAPTER                                               TITLE  PAGE 

1  Principles  of  PN  Junctions  I'l 

2  Transistors  2*1 

3  Amplifier  Principles  3-1 

4  Selected  Solid  State  Devlx:es  and  Integrated  Circuits  4-1 


This  publication  supercedes  KLP'ST'lV  dated  1  November  1973,  Supplies  on  hand  wfU  be  used. 


Chap  tor  1 


PRINCIPLES  OF  P-N  JUNCTlOriS 


t  *  L  Most  of  tho  people  employed  In  the  field 
of  electronics  are  aware  of  thegrowlngpopu- 
Urlty  and  Importance  of  translatorfl*  Yet, 
few  people,  not  directly  Involved^  really 
understand  what  a  transistor  Is  or  Ita  basic 
operation,  The  transistor  Is  only  one  subject 
In  the  field  of  electronics  that  falls  under 
the  heading  of  Solid  State  or  Semiconductor 
Electronics. 

1*2,  The  purpose  of  thl3  chapterlstolntro-^ 
duce  solid  state  principles  as  a  basis  for 
the  study  of  solid  state  devices.  A  knowledge 
of  the  atomic  structure  of  matter  Is  a  pre^ 
requisite  for  understanding  semiconductor 
theory. 

1*3.    Atomic  Structure 

1-4.  The  structure  of  an  atom  Is  best 
explained  by  analyzing  the  simplest  of  all 
atomsp  hydrogen.  The  hydrogen  atom  hasone 
proton  In  Us  nucleus  and  one  electron  held 
In  orbit  by  two  counteracting  forces,  One  of 
these  forces  is  called  CENTRIFUGAL  force. 
This  force  tends  to  cause  the  electron  to 
fly  outward  as  it  travels  ar6und  Us  orbit. 
This  Is  the  same  force  which  causes  a  car 
to  roll  off  a  highway  when  rounding  a  curve 
at  too  high  a  speed.  The  other  force  acting 
on  the  electron  Is  CENTRIPETAL  force. 
This  force  tends  to  pull  the  electron  In 
toward  the  nucleus.  Centripetal  force  exists 
due  to  the  mutual  attraction  between  the 
positive  nucleus  and  the  negative  electron. 
At  some  radius  thetwoforcesexactly balance 
each  other.  This  balanced  condition  provides 
a  stable  path  or  ORBIT  for  the  electron. 


1*5.  The  electron  In  the  hydrogen  atom  has 
two  types  of  energy:  KINETIC  {by  virtue 
of  Us  motion)  and  POTENTIAL  (due  to  Us 
position).  The  total  energy  contained  Ivy  the 
electron  (Idnetic  plus  potential)  will  deter* 
mine  the  radius  of  the  electron  orbit.  As 
the  radius  of  the  orbit  Increases^  the  energy 
contained  Ivy  the  electron  Increases. 


l-0«  Orbits  or  SHELLS  are  designated  Ivy 
either  a  number  or  a  letter,  ao  shown  In 
Figure  1*1.  The  Kp  or  first  shell.  Is  the  one 
closest  to  the  nucleus,  and  U  ropresento 
the  lowest  amount  of  energy.  Going  outward 
from  the  nucleus,  the  Mshell  represents  more 
energy  than  the  Lehell;  the  P  shell  represents 
nlore  energy  than  the  0  shell,  etc. 

1-^7.  These  shells  are  also  called  PEH* 
MISSIBLE  ENEPGY  LEVELS.  As  the  name 
Implies,  these  are  energy  levels  where 
electrons  may  establish  orbits.  The  per* 
mlsslble  energy  levels  are  separated  by  areas 
caUed  FORBIDDEN  ENERGY  LEVELS. 
Quantum  physics  theory  states  that  an  electron 
cannot  remain  In  the  space  between  permls* 
slble  energy  levels.  Therefore,  every  electron 
orbiting  a  nucleus  mustorbltlnapermlsSlble 
energy  level.  The  shells  or  permissible 
energy  levels  of  an  atom  exist  whether  they 
are  occupied  Ivy  an  electron  or  not.  Even 
though  hydrogen  has  only  one  electron  In  the 
K  shell,  the  other  shells  still  exist.  The 
application  of  external  energy  (in  the  form  of 


SHELL  NUMBER 

n£P4-S91 


Figure  1*1.  Shell  Designation 
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hoGit,  lights  etc.)  to  a  hydrogen  atom  will 
cause  the  electron  to  jump  to  one  oi  the  high 
permissible  energy  levet^.  Wtienttieexternal 
energy  la  removec)»  the  electron  will  return 
to  the  K  shell.  Electrons  try  to  return  to 
the  lowest  energy  level  possible. 

t-8.  Figure  1-^2  uses  an  energy  level 
diagram  to  illustrate  the  position  ol  the 
shells  in  relation  to  the  nucleus.  The  Urst 
shelly  which  is  closest  to  the  nucleus^  rep- 
resents the  next  higher  energy  level|  and  so 
forth.  An  orbiting  electron  must  exist  at  one 
oi  the  permissible  energy  levels^  since  it 
Cannot  remain  in  the  forbidden  energy  levels 
or  bands. 

1-9.  The  electrons  in  the  outermost  shell 
ol  an  atom  are  the  ones  which  enter  into 
chemical  or  electrical  combinations  with 
other  atoms.  These  electrons  are  called 
VALENCE  ELECTRONS,  and  the  outermost 
shell  that  contains  electrons  is  called  the 
VALENCE  SHELL. 

1-10.  The  ATOMIC  NUMBER  oj  an  element 
represents  the  total  number  ol  electrons  In 
the  atom.  The  atomic  number  at  hydrogen  is 
onei  indicating  that  hydrogen  has  one  orbital 
electron.  The  electron  ot  hydrogen  will  be  in 
the  Urst  or  K  shell,  and  the  K  shell  is  also 
the  outermost  shell.  Therefore,  the  K  shell 
of  hydrogen  is  the  valence  shell. 
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Figure  1-2.  Energy  Level  Diagram  of  Shells 

Silicon*  another  very  common  element  used 
In  semlconductorSi  has  an  atomic  number  of 
14.  A  silicon  atom  1^  illustrated  in  Figure 
1-3A|  and  a  germanium  atom  is  illustrated 
in  Figure  1-3B.  The  32  electrons  in  the 
germanium  atom  are  distributed  in  the 
following  manner: 

K  shell  filled  with  2  electrons 


1-11.  The  atom/c  number  of  germanium 
{which  is  a  very  common  element  used  in 
the  manufacture  of  semiconductors)  is  32. 


L  shell  filled  with  8  electrons 
M  shell  mied  with  IB  electrons 
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Figure  1-3.  Pictorial  Diagrams  of  Atoms 
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Figure  1-4*  IsolatedSUlconAtoma 
(Energy  Level  Dlagrama) 

The  tour  remaining  electrons  are  In  the  N 
s^ellf  which  10  the  outermoat  dhell.  The  four 
electrons  In  the  outermoat  shell  are  valence 
electrons.  Notice  there  are  less  electrona 
in  the  alllcon  atomj  but  the  manner  In  which 
they  ire  dlatrlbuted  la  almllar. 

When  the  outermoat  {valencejehellofanatom 
contains  eight  electrons,  the  atom  la  STABLE 
and  does  not  attempt togainorlose  electrona. 
Cxamplea  of  atable  elements  that  have  eight 
electrons  In  the  valence  shell  are  neon, 
argon,  and  krypton.  Furthar,  no  atom  will 
contain  more  than  eight  electrona  in  the 
outermoat  ahell. 

1-12.    Ehergy  Bands 

1-13.  When  atoma  are  brought  doae 
together,  there  Is  an  Interaction  between  the 
Individual  energy  levels  of  the  atoma.  Figure 
1-4  llluatratea  the  energy  level  of  two 
ailicon  atoma  (atomic  number  14}  that  are 
aeparated  by  a  distance  large  enough  to  pre* 
vent  the  sheila  from  overlapping.  Figure 
1-B  llluatratea  the  result  when  the  atoma  are 
moved  closer  together  ao  that  the  valence 
ahella  overlap,  Now»  the  valence  sbellsofthe 
two  atoma  act  as  a  alngle  VALENCE  BAND. 
Only  the  outermoat  ahell  (M)  haa  been 
affected;  the  inner  ahella  (K  2nd  L)  retain 
the  Individual  energy  levels  of  the  separate 
atoma.  As  more  and  more  atoms  are  brought 
together  to  form  a  piece  of  alllcon^  the 
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Figure  1-5.  Energy  Level  Interaction 
of  Silicon  Atoms 

valence  shell  energy  levels  continue  to  Inter- 
act until  they  form  a  aoUd  permlaslble 
energy  level.  This  is  called  the  valence  band. 

1-14.  Itecall  that  emrgy  levels  exist 
whether  they  are  occupied  by  electronsornot* 
These  unoccupied  energy  levels  also  combine 
when  brought  together  with  other  atoma. 
Cven  though  the  N  sheila  of  the  alllconatoms 
are  unoccupied  they  will  interactwhen  brought 
together^  forming  a  band  of  permlaslble 
energy*  Thla  la  called  the  CONDUCTION 
BAND.  The  conduction  band  and  the  valence 
band  are  aeparated  by  the  FORBIDDEN 
BAND.  See  Figure  1-5. 

1"15.  Hie  electrons  In  the  valence  band 
are  under  the  influence  of  the  nudeua.  Appli- 
cation of  external  energy  can  elevate  a 
valence  band  electron  to  the  conduction 
band.  The  applied  energy  must  be  auffldent 
to  move  the  electron  all  the  way  acrons  the 
forbidden  band.  The  valence  electrons  will 
never  go  halfway  and  stop.  When  an  electron 
reaches  the  conduction  band  it  is  conaldered 
to  be  free  from  the  influence  of  the  nucleus. 
It  is  now  called  a  FREE  ELECTRON. 

1-16.  Substances  that  have  a  large  number  of 
free  electrons  are  called  CONDUCTORS. 
Copper  wire  is  a  good  conductor  because  It 
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Figure  1-6,  Enargy  Diagrams  for  Conductor, 
Semiconductor!  and  Insulator 

has  many  free  electrons.  The  greater  the 
number  of  free  electrons,  the  better  the 
conductor.  In  contrast  to  good  conductors, 
some  substances  have  very  few  free  electronS| 
such  as  rubberi  glass,  and  dry  wood*  ^b- 
stances  with  few  free  electrons  are  called 
poor  conductors  or  INSULATORS.  Actually, 
there  is  no  sharp  dividing  line  between  con* 
ductors  and  Insulators,  since  free  electrons 
exist  to  some  extent  In  all  matter.  Sub* 
stances  between  conductors  and  insulators  are 
called  SEMICONDUCTORS,  and  they  are  of 
prime  Importance  in  the  study  of  solid  state 
devices. 

1-17.  Energy  Is  required  to  elevate  a  valence 
electron  Into  the  conduction  band.  The  amount 
of  energy  required  to  elevate  the  electron 
determines  whether  the  element  is  a  con* 
ductor,  an  insulator,  or  a  semiconductor. 
The  energy  level  diagrams  of  a  conductor, 
shown  In  Figure  1*6,  show  the  very  narrow 
forbidden  band.  Only  a  very  small  amount  of 
energy  is  needed  to  cause  the  electrons  to 
move  Into  the  conduction  band.  On  the  other 
hand,  the  distance  between  the  conduction 
band  and  the  valence  band  of  an  ineulator  Is 
very  wide.  A  wide  forbidden  band  means  that 
It  takes  a  large  amount  of  energy  to  free 
an  electron.  The  width  of  the  forbidden 
band  of  semiconductor  material  Is  between  the 
extremes  of  the  conductor  and  the  insulator. 
For  Instance,  the  forblddenbandof  germanium 


Figure  1*7.     Arrangement  of  Germanium 
Atoms  in  a  Crystal 

Is  about  one*tenth  that  of  a  diamond  crystal 
Insulator.  Therefore,  the  energy  required  to 
elevate  an  electron  to  the  conduction  band  of 
a  semi*conductor  material  is  less  than  that 
required  for  an  Insulator,  tmt  more  than 
that  required  for  a  conductor. 

1*18.    Covalent  Bonding 

1*19«  Germanium  and  aiilcon  crystals  are 
solid  substances  In  which  the  atoms  or 
nK)lecules  are  arranged  in  definite  repeating 
patterns.  Figure  1*7  shows  how  atoms  of 
germanium  align  themselves  when  a  piece 
of  germanium  crystal  is  formed.  A  ger- 
manium atom  has  four  valence  electrons. 
To  become  stable,  it  must  have  a  total  of 
eight  electrons  in  the  valence  shell*  To 
accomplish  this,  each  germanium  atom  aligns 
Itself  equally  between  its  neighbor  atoms. 
This  arrangement  allows  each  atom  to  share 
Its  valence  electrons  with  neighboring  atoms. 
Figure  1*7  shows  the  result  of  this  align* 
ment,  which  is  called  ^  LATTICE 
STRUCTURE.  Ndtlce  that  each  germanium 
atom  appears  to  have  eight  electrons  In  its 
outer  shell*  This  sharing  of  the  electrons 
is  referred  to  as  COVALENT  BONDING. 
The  covalent  bonding  ofthegermanlumatoms 
makes  the  crystal  stable,  and  is  the  force 
that  holds  crystal  together. 

1*20.  Figure  1*6  Illustrates  covalent  bonding 
in  a  pure  germanium  crystal.  The  center 
atom  shares  one  electron  with  each  of  the 
four  neighbor  atoms.  Thus,  the  center  atom 
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Figure  1-8,    Pure  Germanium  Crystal 

''sees''  Its  Own  four  electrons  plus  one  each 
from  the  four  neighbors,  or  a  total  of  eight. 
The  shaded  area  between  atoms  Indicates 
the  covalent  bonding  or  electron  pairbondlng 
between  atoms. 

As  mentlonedbeforeiasemlconductor 
has  characteristics  between  those  of  a  con^ 
ductor  and  those  of  an  insulator.  The  electrons 
in  the  outer  shell  of  the  atoms  of  a  semi- 
conductor can  be  set  free  when  enough 
external  energy  is  applied.  When  electrons 
are  freed,  the  material  acquires  some  of  the 
properties  of  a  conductor.  The  heat  contained 
by  a  pure  germanium  or  silicon  crystal  at 
room  temperature  is  sufficient  to  cause  afew 


of  tho  valenco€loctrona  tobrofiktholrcovaio/^' 
bonds  and  to  be  elevated  to  tho  conductiof: 
band.  This  is  Illustrated  by  energy  leve^ 
diagram  in  Figure  1^0.  Every  eluctrcr^ 
elevated  to  the  conduction  band  leaves  a 
vacancy  in  the  valence  band  structure,  T!ils 
vacancy  is  termed  a  "HOLE''  and  acta  lilco 
a  mobile  POSITIVE  charge  equal  andoppostio 
to  the  electron's  negative  charge,  Ttic 
breaking  of  a  covalent  bond  that  produces  a 
free  electron  and  a  hole  is  called  the 
GENERATION  of  an  ELECTeON-HOLE  PAIR, 

1-22,  If  a  pure  (intrinsic)  crystal  of  ger- 
manium or  silicon,  wlthbrokencovalentbondj?^ 
is  subjected  to  a  voltage,  two  kinds  of  current 
will  flow.  The  free  electrons  move  through 
the  crystal  in  the  conduction  band  from 
negative  to  positive,  constituting  ELECTHON 
CURRENT  FLOW*  The  second  current  is 
HOLE  FLOW  in  the  valence  band.  Hole  flow 
depends  on  the  movement  or  shifting  of 
valence  electrons  from  one  covalent  bond  to 
another.  As  a  valence  electron  from  a 
neighbor  atom  moves  in  to  fill  a  hole,  the 
hole  appears  in  the  neighbor  atom.  Thus, 
holes  seem  to  move  in  a  direction  OPPOSITE 
to  that  of  electron  flow,  or  they  flow  from 
positive  to  negative*  It  is  important  to 
remember  that  holes  move  only  inthe  valence 
band*  Therefore,  current  flow  in  a  semi- 
conductor can  be  either  by  ELECTRON 
FLOW  or  HOLE  FLOW* 
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Figure  1*9,  Electron-Hole  Pair  Generation  (Energy  Level  Diagram) 
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L-23.    Ciyatal  With  Impurltlea 

L*24»  Pure  INTBINSIC  germanium  and 
silicon  crystals  arc  of  no  uso  as  a  semi- 
conductor device  because  of  the  small  number 
of  current  carriers  avallabletHowever,  when 
certain  impurities  are  added  to  the  crystal 
the  number  of  carriers  can  be  Increased  to 
obtain  a  useful  current  This  process  of 
adding  impurities  to  the  crystal  structure 
is  called  DOPINQ.  The  added  impurities 
create  either  an  excess  of  electrons  or  an 
excess  of  holes»  depending  on  the  type  of 
impurity  added*  Once  the  Impurity  has  been 
added,  the  crystal  is  called  EXTRINSIC. 

1-25.  When  arsenic  is  added  to  germanium, 
the  arsenic  atom  will  form  covalent  bonds 
with  the  germanium  atoms.  Figure  1-10 
illustrates  an  arsenic  atom  (As)  in  a  ger- 
manium crystal  structure.       arsenic  atom 


has  five  valence  electrons  in  its  outer  shell, 
but  usss  only  four  of  them  to  form  covalent 
bonds  in  the  valence  bandwlth  the  germanium 
atoms*  This  leaves  one  electron  that  will  go 
into  the  conduction  band  and  become  a  free 
electron^  This  impurity  donates  one  electron 
to  increase  the  number  of  free  electrons 
without  increasing  the  number  of  holes. 
Because  the  Impurity  donated  free  electrons 
to  the  semiconductor  material  it  is  often 
referred  to  as  a  DONOn  impurity.  The 
resulting  material  conducts  by  electron  move- 
ment and  is  called  NEQATIVE-CAIIIIIERor 
N-TYPE  semiconductor  material.  Otherdonor 
impurities  are  phosphorous,  antimony,  and 
bismuth*  They  also  have  five  valence 
electrons.  The  amount  of  the  impurity  added 
is  very  small;  it  is  on  the  order  of  one 
atom  of  impurity  to  10  million  atoms  of 
germanium.  TiiB  more  impurities  added,  the 
more  free  electrons  in  the  crystal. 
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Figure  1-10,    Donor  Impurity 


I  -20.  An  Impurity  having  throo  valcnco 
L'loctroiiE)  can  bi}  added  to  puro  germanium 
to  ''dope"  the  material,  Figure  1-11  ehow^ 
a  germanium  crystal  with  indium  (In)  added 
as  the  impurity*  Indium  haa  three  valence 
electrons,  therefore  it  has  one  electron  less 
than  it  needs  to  form  all  the  covalent  bonds 
with  the  four  neighboring  atoms.  Therefore, 
an  incomplete  covalent  bond  (hole)id  created. 
Because  this  Impurity  created  a  hole  which 
will  accept  one  electron  to  complete  the 
covalent  bond,  It  is  called  an  ACCEPTOR 
IMPURITY,  Acceptor  impurities  are  added 
to  a  crystal  to  increase  ttie  number  of  holes 
without  increasing  the  number  of  free 
electrons.  The  resulting  material  conducts 
by  hole  movement  and  is  called  POSITIVE- 
CARRIER  or  P-TYPE  semiconductor 
material.  Other  available  acceptor  (three 
valent  electron)  impurities  that  are  used  as 
dopants  are  gallium,  boron,  and  aluminum, 
^hen  external  energy  (heat,  light,  voltage) 
releases  an  electron  favorably  close  to  the 
impurity  atom,  the  acceptor  atom  will  capture 
or  '^accept"  the  electron.  This  capture 
occurs  as  a  result  of  a  natural  tendency 
of  atom  to  form  complete  covalent  bonds. 
The  acceptor  atom  thus  '^stores"  anelectron 
from   the  valence  band  structure  of  the 
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Figure  1*12.  Hole  Movement  Through  Crystal 

crystal.  The  instant  a  valence  electron  I  eaves 
the  bonding  structure  for  STORAGE,  a  hole 
is  CREATED  in  the  valence  band.  Thus,  a 
hole  is  actually  a  positive  mobile  charge 
and  exists  in  the  valence  band,  as  shown  in 
Figure  Ull. 

1*27.  Figure  1-12  Illustrates  the  movement 
of  a  hole  through  a  crystal.  The  original 
position  of  the  hole  Is  at  PI.  One  of  the 
valence  electrons  from  P2  moves  over  and 
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Figure  l-ll.  Acceptor  Impurity 
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Figure  1*13.    Majority  Vs  Minority  Carrier  (Energy  Level  Diagram) 


fills  the  hole  at  PL  In  moving  to  fUl  the 
hole,  the  electron  leaver  a  hole  at  P2.  Thus, 
the  hole  has  moved  from  PI  toP2,The  atx>ve 
action  repeats  M  the  hole  moves  through 
the  valence  structure  Of  the  crystal. 

1-28.  Current  Carriers  In  N-  and  P-Type 
Materials 

\*29.  Both  holes  and  electrons  are  current 
"carriers."  The  holes  are  positive  carriers, 
and  the  electrons  are  negative  carriers.  The 
carriers  produced  by  doping  are  referred  to 
as  MAJORITY  CARRIERS.  In  the  N-type 
material,  electrons  are  the  majority  carriers 
and  they  are  In  the  conduction  band.  In  the 
P-^type  material,  holes  are  the  majority 
carriers  and  they  are  in  the  valence  band, 
^hen  energy  is  gained  by  the  electrons  In 
the  crystal  structure  of  either  the  N-  or  the 
P*type  materials,  the  electron  can  break  Its 
bond.  This  electron  will  go  Into  the  con* 
ductlon  band.  The  electron  will  add  to  the 
majority  carriers  electrons  in  the  conduction 
band.  The  hole  created  In  the  valence  band 
is  referred  to  as  a  MINORITY  CARRIER.  In 
the  P*typematerlalf  the  electronwhichbrealcs 
its  bond  and  goes  Into  the  conduction  band  is 
referred  to  as  the  MINORITY  CARRIER. 
The  hole  created  is  in  the  valence  band  and 
adds  to  the  majority  carriers  (holes).  The 


number  of  minority  carriers  in  both  the  N* 
and  P*type  materials  Is  small  when  compared 
to  the  number  of  majority  current  carriers. 
As  you  recall  from  a  previous  discussion^ 
this  creation  of  an  electron  and  a  hole 
(elect ron*hole  pair  generation)  is  due  to  the 
amount  of  energy  applied  to  the  crystal. 
Therefore,  the  greater  the  amount  of  energy, 
the  greater  the  number  of  minority  and 
majority  carriers.  This  energy  is  generally 
In  the  form  of  heat.  Figure  1*13  illustrates 
the  majority  and  minority  carriers  of  an 
energy  level  diagram  of  N-  and  P-type 
material. 

1*30.    Current  Flow  In  N-Type  Material 

1*31.  Current  flow  In  N*type  material  Is 
Illustrated  in  Figure  1-14.  Conduction  in 
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Figure  U14.  Current  FlowinN- Type  Material 
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tUia  tVK"  of  somlcoriUuctor  1»  similar  to 
conduction  in  a  copper  conductor.  That  Is, 
the  application  of  voltage  across  the  material 
will  cause  the  electrons  to  move  through 
the  crystal  as  shown.  The  positive  potential 
will  attract  free  electrons  In  the  crystal. 
Electrons  will  leave  the  crystal  and  flow 
into  the  positive  terminal  of  the  battery. 
As  an  electron  leaves  the  crystal^  anelectron 
from  the  negative  terminal  of  the  battery  will 
enter  the  crystal^  thus^  completing  the  current 
path.  Therefore,  the  majority  current 
carriers  in  the  N-type  material  (electrons) 
are  repelled  by  the  negative  side  of  the 
battery  and  move  through  the  crystal  toward 
the  positive. 
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Figure  t-15,  CUrreut  Flow  in  P^Type  Material 

and  P-type  materials  have  a  negative  temp- 
erature coefficient  of  resistance. 


1*32,  Differences  exist  between  tlie  N-type 
semiconductor  and  a  copper  conductor  with 
reference  to  temperature  changi3S,  For 
example^  the  semiconductor's  ability  to  con** 
duct  Increases  with  temperature.  Increasing 
the  temperature  will  generate  moreelectron- 
hole  pairs^  which  produce  more  carrier 
electrons.  This  causei^  increased  conductivity^ 
Or  a  lower  resistance, In  the  copperconductor^ 
increasing  temperature  decreases  current 
flow.  Semiconductors  have  a  NEGATIVE 
TEMPERATURE  COEFFICIENT  OF  RESIST- 
ANCE, As  temperature  increases^  resistance 
decreases, 

1-33,    Current  Flow  in  P-Type  Material 

1-34,  Current  flow  through  P-type  material 
is  illustrated  in  Figure  1-15,  Conduction  in 
this  material  Is  by  positive  carriers  (holes). 
The  hole  moves  from  the  positive  terminal 
to  the  negative  terminal  of  the  P-type 
material.  Electrons  from  the  external  cir- 
cuit enter  the  negative  terminal  and  fill 
holes  In  the  vicinity  of  the  terminal.  At 
the  positive  terminal^  electrons  are  removed 
from  the  covalent  bonds^  thus  creating  new 
holes.  This  process  continues  as  the  steady 
stream  of  holes  (hole  current)  moves  toward 
the  negative  terminal, 

t-35.  In  both  N*type  and  P-type  materials^ 
current  flow  In  the  external  circuit  consists 
of  electrons  moving  out  of  the  negative  ter* 
mlnal  of  the  battery  and  into  the  positive 
terminal  of  the  battery,  Also^  both  N-type 


1-36,    P-N  Junction 

1-17.  A  P-N  JUNCTION  is  manufactured 
by  a  chemical  process  where  donor  impurities 
are  added  to  one  region  of  a  crystal  ^and 
acceptor  impurities  are  added  to  the  other 
region  of  the  crystal.  This  gives  a  single 
crystal  with  an  N  region  and  a  P  region, 
Tiie  area  where  the  N  and  P  regions  meet 
is  called  a  JUNCTION.  Metallic  contacts 
are  bonded  to  the  two  ends  of  the  crystal. 
The  result  is  a  P-N  JUNCTION  DIODE 
(diode  refers  to  two  sections  or  elements). 
One  portion  of  the  crystal  is  P*type  material 
containing  the  acceptor  impurity.  The  other 
portion  is  N-type  material  containing  the  donor 
Impurity,  The  end  contacts  are  large  sur- 
faces that  make  a  good  connection  with  the 
crystal*  Figure  1-16  is  a  pictorial  repre- 
sentation of  a  P-N  Junction  diode. 
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Figure  1-16,  P-N  Junction  Pictorial  Diagram 
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Figure  I-17.    Isolated  P-  and  N-  Type  Materials 


1-38.  An  isolated  piece  of  N-type  material 
is  electrically  NEUTRAL;  that  is»  for  every 
free  electron  In  tbe  conduction  band  there  Is 
a  positively-ionized  donor  atom inthe  crystal 
structure*  Thus^  while  there  Is  an  abundance 
of  free  negative  charges*  each  one  is  balanced 
by  a  fixed  positive  charge,  and  the  overall 
charge  of  the  N-type  crystal  Is  zero*  Figure 
1-17  shows  an  electrical  representation  of 
Isolated  N-  and  P- type  materials  vrlth balanced 
Charges*  Figure  l-lTAuses  energy  levels  to 
st  ow  the  charge  carriers  v/hlle  Figure  I^ITB 
is  a  pictorial  diagram  shovrlng  the  charge 
carriers  and  the  Ions*  Figure  I-17B  repre- 
sents the  even  distribution  of  carriers  and 
ions  throughout  the  crystals*  The  carriers 
are  placed  beside  each  ion  toJndlcate  the 
balancing  of  positive  and  negative  charges* 
During  the  manufacturing  process,  when  the 


P-type  and  N-type  materials  meet»  a  very 
interesting  action  takes  place* 

1-39*  The  electronslntheconductlonbandof 
the  N-^type  material  "see"  the  relatively 
empty  conduction  band  of  the  P-type  material 
and  begin  to  diffuse  (move  or  apread  out) 
across  the  Junction Intothe  Pmaterial*  These 
free  electrons  lose  energy^  fall  into  the 
valence  band  and  fill  some  of  the  holes*  At 
the  same  time  the  holes  in  the  valence  band 
of  the  P  material  "see"  the  relatively 
empty  valence  band  of  the  N-type  material 
and  begin  to  diffuse  across  the  Junction  into 
the  N  material*  The  free  electrons  in  the 
conduction  band  of  the  N  material  vrlll  see  the 
free  holes^as  vacancies  in  the  valence  band 
and  drop  across  the  forbidden  band  to  fill 
them*   This   process  is  called  JUNCTION 
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Figure   1-18.  p-N  Junction  Field 

HECOMBINATIONanct  reduces  the  nutnberof 
free  electrons  and  holes  In  the  vicinity  of 
the  Junction*  The  loss  of  an  electron  from  the 
N-type  material  will  create  a  positive  ion 
In  the  N  material  while  the  loss  of  a  hole 
from  the  P  material  will  create  a  negative 
Ion  In  that  material. 

1-40.  These  ions  are  fixed  In  place  in  the 
crystal  lattice  structure  and  cannot  move* 
ThuSp  they  make  up  a  layer  of  Hxed  charges 
on  the  two  sides  ot  the  Junction.  On  the  N 
side  of  the  Junction  there  is  a  layer  of 
positively-charged  Ions;  on  the  P  side  of  the 
Junction  there  is  a  layer  ot  negatively- 
charged  Ions.  An  ELECTROSTATIC  FIELD 
Is  established  across  the  Junction  between 
the  oppositely*- charged  ions.  Figure  1*18 
Illustrates  the  electrostatic  field  of  the 
junction^  called  the  JUNCTION  FIELD.  The 
Junction  field  is  shown  greatly  exaggerated 
for  purposes  ot  explanation.  The  diffusion 
of  electrons  across  the  Junction  will  continue 
until  the  magnitude  ot  the  electrostatic  field 
is  increased  to  the  point  where  the  electrons 
no  longer  have  enough  energy  to  overcome  It. 
At  this  pdnt  equilibrium  Id  established 
andp  for  all  practical  purposes^  the  move* 
ment  of  carriers  across  the  Junction  ceases. 
The  action  Just  described  occurs  almost 
Instantly  when  the  Junction  is  formed*  Only 
the  carriers  In  the  immediate  vicinity  of  the 
Junction  are  affected*  The  carriers  through- 
out the  remainder  of  the  N  :u)d  P  material 
are  relatively  undisturbed  and  remain  in  a 
balanced  condition. 
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Figure  1-10*    Junction  Barrier  Formation 
Energy  Level  Diagram 

1-41.  Figure  1*18  also  indicates  that  there 
are  no  mobile  carriers  within  the  Junction 
field*  fiince  the  Junction  field  has  no  mobile 
carriers,  it  is  often  called  the  DEPLETION 
REGION  or  JUNCTION  BAPHIEP, 

1-42*  Another  method  used  to  show  the 
Junction  barrier  is  illustrated  In  Figure 
l*ld.  An  energy  level  diagram  shows  free 
electrons  In  the  conduction  band  of  the  N« 
type  material^  and  holes  in  the  valence  band 
of  the  P-type  material.  The  free  electrons 
in  the  N-type  material  move  across  the 
Junction  into  the  conduction  band  of  the  P- 
type  material.  The  holes  in  the  P-type 
material  move  across  the  Junction  and  are 
filled  by  electrons  from  the  conduction  band 
of  the  N-type  material.  This  movement 
results  In  Junction  barrier  formation.  An 
energy  level  diagram  shows  the  barrier  to 
have  both  height  and  ^dth.  The  PHYSICAL 
DISTANCE  from  one  side  Of  the  barrier  to 
the  other  is  referred  to  as  the  BAPRIEP 
WIDTH.  The  width  of  the  barrier, with  no 
external  potential  applied,  depends  on  the 
amount  of  doping.  The  greaterthe percentage 
of  doping,  the  narrower  the  barrier  width. 
The  BAPRIEP  HEIGHT  is  the  DIFFERENCE 
OF  POTENTIAL  across  the  depletion  region 
{strength  of  the  Junction  fleld)^  As  recombi- 
nation of  electrons  and  holes  Continues,  the 
barrier     becomes    wider    and  higher* 


1-11 


Equilibrium  occurs  whon  the  barrier  la  Large 
enough  to  prevent  further  recombination  of 
electrons  ^nd  holea.  Ln  othor  words^  the 
barrier,  or  Junction  flold,  prevents  total 
recombination. 

1-43.    Biased  P*N  Junctions 

1*44*  An  external  potential  appUed  to  a 
P-N  Junction  is  called  BIAS.  A  battery 
connected  across  the  P<N  Junction  develops 
a  ''bias"  across  the  Junction.  If  the  battery 
is  connected  so  that  its  voltage  OPPOSES 
the  Junction  fittid,  It  will  reduce  the  height 
and  width  of  the  Junction  barrier  and  there* 
by  aid  current  flow  through  the  Junction*  The 
Junction  IS  then  FORWARD  BIASED  (low 
resistance  direction).  If  the  battery  is  con* 
nected  across  the  Junction  so  that  its  voltage 
AIDS  the  Junction  field,  it  will  Increase  the 
height  and  width  of  the  Junction  barrier  and 
thereby  oppose  current  flow  through  the 
Junction.  The  Junction  is  then  REVERSE 
BIASED  (high  resistance  direction)* 

1-45.    Forward  Bias 

1-46.  The  forward  bias  connection  is  illus* 
trated  In  Figure  1-20*  Here  the  POSITIVE 
terminal  of  the  bias  battery  is  connected 
to  the  P-type  material  and  the  NEGATIVE 
terminal  of  the  battery  Is  connected  to  .the 
N-type  material. 

1-47.  The  positive  potential  connectedto  the 
P*type  material  repels  holes  toward  the 
junction*  These  holes  neutralize  some  of  the 
negative  Ions  at  the  edge  of  the  Junction 
barrier* 

1-48*  In  the  N*type  material  the  negative 
potential  repels  electrons  toward  the  Junction* 
These  electrons  neutralize  some  of  the 
positive  ion5  at  the  edge  of  the  Junction 
barrier*  Since  ions  on  both  sides  of  the 
barrier  are  being  neutralized,  the  barrier 
will  be  decreasing  In  both  width  and  height. 
Thus,  the  effect  of  the  battery  voltage  in  the 
forward  bias  direction  is  to  reduce  the 
barrier  potential  across  the  Junction  and 
to  allow  majority  carriers  to  cross  the 
Junction. 
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Figure  1-20*    Forward  Biased  P-N  Junction 

The  current  flow  and  method  of  con- 
duction in  a  forward  biased  P-N  Junction 
is  ad  ftiLlows:  An  electron  leaves  the  nega- 
tive terminal  of  the  battery  and  moves  to 
the  terminal  of  the  N-type  material*  It 
enters  the  N  material,  where  It  is  the 
majority  carrier,  and  moves  to  the  edge 
of  the  Junction  barrier*  Due  to  forward 
bias,  the  barrier  offers  less  opposition  to 
the  electron  and  It  will  pass  through  the 
depletion  region  Into  the  P-type  material. 
The  electron  loses  energy  in  overcoming 
the  opposition  of  the  Junction  barrier,  and 
upon  entering  the  P  material,  combines  with 
a  hole*  The  hole  was  produced  whenan  elect- 
ron was  extracted  from  the  P  material  by  the 
positive  potential  of  the  battery*  The  created 
hole  moves  through  the  P  material  toward 
the  Junction  whero  It  combines  with  an 
electron* 

1-50.  It  IS  Important  to  remember  that  In 
the  forward  biased  condition,  conductlonisby 
MAJORITY  current  carriers  (holes  In  the  P- 
type  material  and  electron  in  the  N«type 
material)*  Increasing  the  battery  voltage  will 
Increase  the  number  of  majority  carriers 
arriving  at  the  Junction  and  the  current 
flow  increases.  If  the  battery  voltage  is 
increased  to  the  point  where  the  barrier  is 
greatly  reduced,  a  heavy  current  will  flow 
and  the  Junction  may  be  damaged  from  the 
resulting  heat* 

1-51*  Figure  1-21  illustrates  the  elfect 
of  forward  bias  on  the  height  and  width  of 
the  barrier^  With  a  forward  bias  voltage 
across  the  PN  Junction,  the  barrier  height 
and  width  decrease*  This  represents  a  lower 
resistance  and,  therefore,  more  current 
flow. 
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1*S^.  Reverse  BiaB 

1*S3.  To  reverse  bias  a  Junction  diode^  con* 
nect  the  NEGATIVE  battery  terminal  to  the 
P-type  material,  and  the  POSITIVE  battery 
terminal  to  the  N-typa  material,  Tbe  nega* 
tive  potential  attracts  the  holes  away  from 
the  edge  of  the  Junction  barrier  on  the  P 
side,  while  the  positive  potential  attracts 
the  electrons  away  from  the  edge  of  the 
barrier  on  the  N  side*  This  action  increases 
the  barrier  height  and  width  bscausa  there 
are  more  negative  ions  on  the  P  sids  of  the 
Junction,  and  more  positive  ions  on  the  N 
side  of  the  Jwction*  The  increaae  in  the 
number  of  ions  prevents  current  flow  across 
the  Junction  by  majority  carriers. 

1*S4.  n^re  1*22  illustrates  a  fev&rse* 
biased  P-N  Junction.  Notice  that  the  width 
of  the  Junction  barrier  has  been  increased. 


The  Concentration  c)f  the  mobile  carriers  at 
the  terminals  has  left  many  ions  at  the  edge 
of  the  barrier;  therefore,  the  barrier  will 
extend  to  include  these  tons* 
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Figure  1-22.  Reverse  Biased  P-N  Junction 
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Figure  1-23.  Ettectof  Reverse  Bias  on  Barrier  Height  (H)  and  Width  (W) 


1*55.  Figure  1-23  llluatrates  the  effect  of 
reverse  bias  on  the  height  and  width  of  the 
barrier.  With  a  reverse-ibiaa  voltage  acroaa 
the  Junctlotii  the  barrier  height  and 

width  Increases.  TTils  represents  a  high 
resistance  and  no  majority  current  flow. 

1-56,  The  current  flowacrossthebarrlerls 
not  zero,  however,  because  of  minority 
carriers  crossing  the  Junction,  Asyourecall^ 
when  the  crystal  Is  subjected  to  ane^ctemal 
source  of  energy  (light,  heat,  etc), electron- 
hole  pairs  are  generated*  These  electron- 
hole  pairs  produce  minority  current  carriers. 
There  are  minority  current  carriers  in  both 
regions;  holes  In  the  N  material  :indelectron 
In  the  P  material.  With  reverse  Was,  the 
electrons  In  the  P-type  material  are  repelled 
toward  the  Junction  by  the  negative  terminal 
of  the  batteiy.  As  the  electron  moves  across 
the  Junction,  it  will  neutralize  a  positive 
Ion  In  the  N-type  material*  Similarly,  the 
holes  in  the  N-type  material  will  be  repelled 
by  the  positive  terminal  of  the  battery 
toward  the  junction.  As  the  hole  crosses  the 
Junction^  It  will  neutralize  a  negative  Ion 
In  the  P-type  material.  This  movement  of 
minority  carriers  is  caUed  MINOKTV  CUR- 
RENT FLOW^  because  the  holes  andelectrons 
Involved  come  from  the  generatlonof  electron- 
hole  pairs  in  the  ciystal  lattice  structure^ 
and  not  from  the  addition  of  ImPUrlty  atoms. 


1*57,  Figure  1-24A  shows  minority  current 
fioNv  on  an  energy  level  diagram.  It  is 
relatively  ea^  for  the  electron  In  the  P-type 
material  and  tbe  hole  in  the  N-type  material 
to  cross  the  Junction,  since  this  movementls 
aided  I7  the  Junction  field*  Figure  1-24B 
Illustrates  holes  in  the  N-type  material  and 
electrons  In  the  P-type  material  being 
REPELLED  (by  the  battery)  toward  the 
Junction*  In  both  cases  theso  are  minority 
carriers,  'Hie  Junction  field  aids  mim)rlty 
carriers  only.  Therefore^  when  the  minority 
carriers  reach  the  Junction  barrier,  they 
will  move  easily  across  the  Junction* 

1-58.  Thus,  under  reverae-blas  conditions 
there  will  be  a  small  current  fiow  due  to 
minority  carriers  crossing  the  Junction.  This 
current  flow  is  small  at  normal  operating 
temperatures.  Howr  /er^  as  temperature 
Increases,  the  "minority  current"  Increases, 
since  more  electron-hole  pairs  are  generated. 

1-59,    P-N  Junction  Symbol  and 
Characteristics 

UaO,  The  schematic  symbol  of  a  P-N 
Junction  diode  is  shown  in  Figure  1-25. 
TTie  bar  represents  the  CATHODE  (N-type 
material)  and  the  arrow  represents  the 
ANODE  (P-type  material).  Electron  How  is 
against    the    arrow.     For  clarification, 
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Figure  1-28.  CUrrent-Voltage  ReUtionfltora 
200-Ohm  Paalston 

2  pictorial  diagram  of  a  PN  Junction  la 
aloo  Illustrated, 

1-21,  A  P-N  Junction  diode  la  a  NON- 
LINEAR device,  whereasi  a  reslator  la  a 
LINEAR  device*  The  dUterencea  can  be 
aeen  by  plotting  the  current-voltage  rela- 
tloniahlpa  of  each  device  tod  then  comparing 
the  reault.  The  chart  In  Figure  1-26  ahowd 
the  iremilt  of  plotting  voltage  against  current 
for  a  200  ohm  resistor*  Various  polnta  can 
be  determined  by  the  formula  E  ^  IR  or 


1*62.  At  point  A  In  Figure  1-26  the  voltage 
applied  to  the  200  ohm  realator  la  5  volta, 
resulting  In  25  mAi  of  current  At  point  C, 
the  voltage  la  15  voltai  and  the  current  has 
Increaaed  to  75  mA.  Notice  the  linear  change 
Ir  current  through  a  realator  with  a  change 
in  voltage.  Tripling  the  voltage  applied  x^aults 
In  three  times  the  current  flow* 

l*63t  The  voltage-current  relationship 
(characteristic  curve)  of  a  P-N  Junction  diode 
la  ahown  In  Figure  1-27,  The  resistance 
can  be  determined  from  the  curve  by  using 
E 

the  formula  ^  "f  *  ^  Figure 

l-27f  the  forward  voltage  Is  1  volt  and 
the  forward  current  la  8  mA«  TtdB  represents 
200  ohma  of  resistance  <1  volt/5niA.  =< 
200  obmaX  At  point  the  voltage  la  3 
volts  and  the  current  is  80  mA,  Thla  glvea 
60  ohms  of  resiatance  for  the  diode.  Notice 
that,  when  the  forward  bias  voltage  was 
tripled  <1  volt  to  3  volts),  the  current 
Increaaed  ten  tlmea  (5  mA«  to  50  mA), 
Thla  Ulustrataa  the  NONLINEAR  relation- 
ship between  voltage  and  current  In  a  P-N 
Junction.  Note  also  that  resistance  decreased 
from  200  ohms  to  60  ohms  wben  forward 
bias  voltage  Increased. 

1*64,  The  diode  conducta  verjr  little  when 
reverae  biased*  At  point  C  in  Figure  1-27 
the  reverae  bias  voltage  la  60  volts  and  the 
current  is  100  micro  amps.  The  diode 
has  600  k  ohms  of  realatancei  which  Is  very 
much  larger  than  the  resiatance  of  the 
Junction  with  forward  bias.  Thla  also  Indi- 
cates the  nonlinear  characterlatica  of  a  P-N 
diode* 

1-6S,  Notice  on  the  curve  at  point  D  the 
urrent  Increases  rapidly.  This  rapid 
increase  In  reverae  current  is  called 
AVALANCHE  CURRENT*  Thla  avalanche  cur- 
rent la  caused  excessive  reverse  bias 
voltage, 

1-66*  Structure  breakdown  occurs  when  the 
applied  voltage  la  sutfldently  large  to  cause 
the  covalent  bond  structure  to  be  brokeni 
caxialng  a  large  number  of  electron-hole 
pairs  to  be  generated.  At  thla  POlnt  a  sharp 
rise  in  reverae  current  occura.  The  genera- 
tion of  the  new  holea  and  electrona  continues 
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Figure  1-27*  Voltage -Qirrent  CharacteriaUcs  of  Diodes 


to  such  a  point  that  they  have  violent  col- 
lUloae  with  the  valence  baiul  electrons  ofthe 
germanium  crystal  atoms,  releasing  more  and 
more  carriers*  Because  ofthe  heat  generated, 
the  diode  will  be  destroyed. 

1-67.  The  diode  can  also  be  destroyed  by 
applying  e^ccesalve  forward  bias.  Note  in 
Fl^re  l-27f  as  forward  bias  is  increased, 
forward  current  increases.  If  this  forward 
current  is  allowed  to  become  too  large* 
the  heat  generated  by  this  e^ccesslve  current 
will  cause  structure  breakdown*  As  you 
recall,  any  time  heat  is  applied  to  a  P-N 
Junction,  electron-hole  pairs  are  generated. 


which  increases  current  flow*  This  increase 
In  current  generatee  more  heat  and  the 
cycle  repeats.  This  action  is  referred  to  as 
THERMAL  RUNAWAY. 

1-^68.  Normal  operation  of  the  diode  Is 
between  points  0  and  Z  in  Figure  1-^27. 
Operating  beyond  these  points  will  cause 
structure  breakdown  and  can  destroy  the 
diode* 

1-ed.  Many  types  of  semiconductor  diodes 
are  avaUabte*  Thoy  vary  in  size  from  the 
eize  of  a  plnhead,  used  in  submlnlature 
circuitry*  to  Urge  2S0-ampere  diodes  used 
in  high  po^r  circuits.  Some  of  the  typical 
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Figure  1-28.  Physical  Appeirince  of  Semiconductor  Diodes 


diodes  2re  shown  InFl^re  l-2d.  The  cathode 
lead  of  the  diode  is  identified  by  a  distinctive 
marking  (cdor  dot  or  band,  &  sign)  or  by 
Its  unusual  shape  (raised  edge  or  taper). 

1-70.  PN  Junction  Diode  Batings 

1*71.  P-N  junction  diodes  are  generally 
rated  for: 

Majdmum  average  forward  current. 

Peak  recurrent  forward  current. 

Maximum  surge  current. 

Peak  reverse  voltage  (PflV). 

1-72.  Majdm'un  average  forward  currentls 
usually  given  at  a  specified  temperature, 
(usually  2S*C)|  and  refers  to  the  maximum 
amount  of  average  current  which  can  be 
permitted  to  How  In  the  forward  direction. 
If  this  rating  15  exceeded,  structure  break* 


down  can  occur,  as  illustrated  In  Figure 
1-27  beyond  point  E. 

1-73*  Peak  recurrent  forward  current  Is 
the  maximum  peak  current  which  can  be 
permitted  to  flow  In  the  forward  direction 
In  the  form  ot  recurring  pulses. 

1*74.  Maximum  surge  current  is  the  maxl* 
mum  current  permitted  to  flow  In  the  forward 
direction  in  theformof  non-recurrlngpulsea. 
Current  should  not  equal  this  value  for 
more  than  a  few  milliseconds* 

1-75*  Peak  reverse  voltage  (PRV)  is  one  of 
the  most  Important  ratings*  PAV  Indicates 
the  maximum  reverse  bias  vbltage  which  may 
be  applied  to  a  diode  without  causing  structure 
breakdown  (point  D  in  Figure  1-27).  AH 
of  the  above  ratings  are  subject  to  change 
with  temperature  variations.  If  the  operating 
temperature  is  above  that  stated  for  the 
ratings,  the  ratings  must  be  decreased. 
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Chap  tor  2 


THANSI9TOR9 


2-L  The  translator  i&  another  oLoctronic 
device  that  makes  use  of  the  flow  of  current 
carriers  through  a  semiconductor.  We  dis- 
cussed two -element  semiconductor  diodes^ 
which  permit  more  current  to  flow  In  one 
direction  than  In  the  other.  The  next  semi" 
conductor  that  we  will  stud^  has  three  ele* 
ments  and  can  be  used  as  an  ampUfler. 

2"2.  Translators  are  semiconductor  devices 
that  have  three  or  more  electrodes*  The 
term  transistor  was  derived  from  the  words 
THANSFEH  and  HESISTOH.  There  are  many 
different  types  of  transistors  with  Individual 
characteristics,  but  the  basic  theory  of 
operation  is  the  same  for  all  of  them. 

2*3.  This  chapter  flrst  discusses  the  con- 
strucUon  and  operaUon  of  the  THREE  ELE- 
MENT device.  Then  v/e  show  how  the 
transistor  can  be  connected  in  various  clr* 
cults  and  we  will  discuss  the  characteristics 
of  each.  Finally,  we  discuss  the  CURRENT 
TRANSFER  RATIOor  control  characteristics 
for  each  confl^ratlon. 

2-4.  The  JUNCTION  TRANSISTOR  trlode 
(THIODE  meaning  threeelectr6des)has three 
elements  and  two  P-N  junctions.  These 
three  elements  are:  (1)  the  EMITTER, 
which  gives  off  or  "emits"  current  car- 
riers (electrons  or  holes),  (2)  the  BASE, 
which  controls  the  flow  of  the  current  car* 
rlers  and  (3)  the  COLLECTOR,  which  col- 
lects the  current  carriers.  A  metal  lead 
or  contact  Is  attached  to  each  element  or 
section^  to  allow  the  transistor  to  be  con- 
nected to  the  external  circuitry.  Transistors 
are  classed  as  PNP  or  NPN  according  to 
the  arrangement  of  the  N  and  P  materials. 

2*5.  Transistors  have  two  PN  Junctions.  One 
PN  Junction  is  between  the  emitter  and  the 
base  (called  the  EMITTER*BASE  or  EB 
Junction);  the  other  PN  junction  is  between 
the  collector  and  the  base  (called  the  COL* 
LECTOR*BASE  or  CB  Junction)*  (If  you  need 
a  review  of  Junction  characteristics^  refer 
back  to  Chapter  1.)  Because  the  Junction 


transistor  has  2  PN  junctions,  It  Is  some- 
times called  a  BIPOLAFI  device.  One  type  oi 
Junction  transistor  Is  formed  by  Introducing 
a  thin  region  of  P-type  material  between 
two  regions  of  N-type  material  In  a  single 
crystal  of  germanium  or  silicon.  TTie 
transistor  so  formed  is  called  an  NPN 
transistor.  By  Introducing  a  thin  region  of 
N-type  material  between  two  regions  of  P- 
type  material  a  PNP  transistor  Is  formed. 

2-6.  The  electrostatic  fields  are  established 
at  the  Junction  barriers  In  the  same  manner 
as  in  the  basic  PN  Junction*  Figure  2*1 
shows  a  pictorial  view  of  an  unbiased  NPN 
transistor,  with  the  lons^  carriers  (holes  and 
electrons),  and  junction  barrier  Illustrated. 

2*7.  In  thlsunbiasedtranslstor^  recomblna* 
tlon  has  alreact/  occurred,  and  the  Junction 
barriers  have  been  established,  The  base  In 
Figure  2*1  is  formed  of  P*type  material 
and  contains  holes.  The  emltterandcoUector 
are  both  N*type  material  and  contain  free 
electrons. 

2-8.  An  energy  level  diagram,  as  shown  In 
Figure  2*2,  can  also  be  used  to  illustrate 
the  Junction  barriers  in  a  transistor.  Re* 
combination  between  the  base  and  emitter 
materials  results  in  the  formation  of  the 
emltter^base  junction  barrier.  The  same 
actions  take  place  between  the  collector  and 
base  materials^  forming  the  collector-base 
junction  barrier. 

2*9.  For  normal  operation  of  a  transistor, 
the  following  rules  apply: 

a.  The  EMITTER-BASE  junction  Is 
normally  FORWARD  BUSED. 

b.  The  COLLECTOR* BASE  junction 
Is  REVERSE  BUSED. 

2-10.  In  certain  applications,  these  rules  are 
modified,  as  will  be  discussed  in  a  later 
chapter.  Forward  bias  at  the  emitter*base 
Junction  rec^ces  the  size  and  Intensity  of  the 
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omlttor-baae  Junction  barrier.  Therefore,  the 
emlttor'-base  junction  has  a  low  realatanco 
duo  to  the  forward  bUa.  Reverse  bias  at 
tho  CB  Junction  Increaaeo  the  size  of  the 
collector-baae  junctlonbarrler.  Reverse  bias 
opposes  conduction  by  majority  carriers; 
thus,  the  CB  Junction  has  a  high  resistance. 

2-11.  Figure  2**3  Is  a  pictorial  diagram  of 
two  transistors  showing  the  effect  on  the 
Junction  barrier  when  the  bias  batteries  are 
connected.  The  bias  batteries  are  labeled 
V  for  the  collector  voltage  supply  and  V-^ 
for  the  emitter  voltage  supply.  Notice  tnait 
Vggt  which  supplies  forward  bias,  reduces 
the  Junction  barrier  of  the  emitter-base 
Junction*  and  that  ^ppi  which  supplies 
reverse  bias,  Increases  me  Junctlonbarrler 
of  the  CB  Junction  In  both  the  NPN  and  PNP 
transistor. 


2-12.  The  basic  current  paths  through  an 
NPN  transistor  are  Illustrated  In  Figure 
2-4A.  The  eoUd  arrows  Indicate  electron 
flow.  The  dotted  arrows  Indicate  hole  flow. 
Current  flow  In  the  esctemal  circuit  Is 
always  electron  flow.  Emitter  current  (I^) 
Is  shown  leaving  the  emitter  supply  battery 
and  flowing  to  the  N-type  emitter.  Since 
electrons  are  the  majority  carrlere  in  N 
material,  the  electrons  will  move  through 
the  emitter  to  the  emitter-base  Junction 
barrier.  Having  gained  energy  from  V^., 
the  electrons  will  overcome  thesmallopposT- 
tlon  of  the  forward  biased  Junction,  and  cross 
into  the  base  region. 

2-13.  The  base  region  is  P-type  material 
and  the  electrons  are  now  minority  carriers. 
As  they  move  into  the  base  reglooi  some  of 
them  will  recombine  with  available  holes. 
Tho  electrons  that  recombine  will  move  out 
through  the  base  lead  as  base  current  (Iq), 
and  return  to  the  emitter  supply  battery 
^EEL  ^^^^  electrons  that  move  Into 

theT»-type  base  region  will  come  under  the 
influence  of  the  very  Intense  collector-base 
Junction  field.  The  direction  of  the  reverse 
biased  collector-base  field  Issuchthatmove- 
ment  of  these  electrons  will  be  aided.  Since 
the  electrons  are  minority  carriers  at  this 
time,  tb^y  wlU  be  aided  by  the  CB  fleld 


and  cross  Into  the  collector  rvglon.  The 
collector  is  N*type  material,  and  the  electrons 
are  again  majority  current  carriers.  The 
electrons  now  move  through  the  collector 
material  to  the  positive  collector  terminal. 
They  will  then  move  out  of  the  collector 
and  return  to  the  positive  terminal  of 
as  collector  current  (1^).  The  electron, 
then.  Is  the  majority  current  carrier  in  the 
NPN  transistor. 

2**14.  The  basic  current  paths  in  a  PNP 
transistor  are  as  shown  In  Figure  2**4B. 
The  majority  current  carrier  In  the  PNP 
transistor  Is  the  hole.  Briefly,  the  method 
of  current  flow  through  a  PNP  transistor 
Is  as  follows:  The  energy  supplied  by  the 
emitter  supply  (V^^)  causes  an  electron* 
hole  pair  to  be  generated  at  the  emitter 
terminal.  The  electron  travels  through  the 
wire  to  the  positive  terminal  of  Vee 
emitter  current*  I^.* 

2-15.  The  hole  generated  In  the  P-type 
emitter  U  the  majority  carrier  and  will 
move  through  the  emlttertowardthe  emitter- 
base  junction.  The  energy  supplied  by  V££ 
will  enable  the  hole  to  overcome  the  EB 
Junction  barrier  and  cross  Into  the  N-type 
base  region.  Some  holes  will  recombine  with 
electrons  In  the  base.  This  recombination 
causes  electrons  to  be  drawn  from  the 
negative  terminal  of  V^g,  through  the  base 
lead,  and  into  the  baee  material.  The  result 
Is  a  small  base  current  flow  (Iq).  The  holes 
that  move  Into  the  N-type  base  become 
minority  carriers,  and  will  come  under  the 
Influence  of  the  strong  CB  Junction  field. 
The  movement  of  the  holes  will  be  aided 
by  the  CB  junction  field,  and  they  will  cross 
Into  the  collector  region.  The  holes  again 
become  majority  carriers  and  will  move 
through  the  collector  toward  the  negative 
terminal  of  VcO  where  they  will  recombine 
with  electrons  from  the  collector  supply, 
resulting  In  the  flow  of  collector  current 

2-16.  While  electron  flow  In  the  external 
circuit  of  the  PNP  transistor  Is  opposite 
to  that  Of  the  NPN,  notice  that,  regardless 
of  the  type  of  transistor,  the  majority 
carrier  always  moves  through  the  transistor 
from  the  emitter  to  collector. 
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Figure  2-5.  Effect  of  Junction  Field  on  Carrier  Movement 


2-17.  Figure  2-5  illustrates  the  movement 
of  current  carriers  under  the  influence  of  a 
junction  field.  In  Figure  2-5A,  notice  that 
electrons  move  against  the  field  and  holes 
move  with  the  field. 

2-19.  Carriers  that  enter  the  base  region 
and  recombine  become  base  current  and  are 
lost  as  far  as  collector  current  Is  con- 
cerned. Thus,  for  a  transistor  tobeefficient, 
as  many  of  the  emitter  carriers  as  possible 
must  reach  the  collector  region.  A  very  thin 
base  region  will  give  little  chance  for  recom- 
bination to  take  place.  Also,  if  the  base 
region  is  lightly  doped,  there  will  be  few 
majority  carriers  in  the  base  available  for 
recombination.  Therefore,  the  base  regionis 
very  THIN  and  LIGHTLY  DOPED.  This 
reduces  the  opportunity  for  a  carrier  to 
recombine  and  be  lost* 

2-19.  Normaily,  the  collector  is  physically 
larger  than  the  base  or  emitter  regions. 
There  are  two  reasons  for  ttiis:  First,  to 
increase  the  chance  of  collecting  carriers 
that  cross  the  base  region;  and  second,  to 
give  the  collector  the  ability  to  dissipate 
more  heat. 

2-20,    Transistor  Currents 


operation.  We  will  now  discuss  the  relative 
magnitude  of  currents  and  bias  voltages 
using  energy  level  diagrams* 

2-22.  Figure  2-6  shows  an  NPN  transistor 
that  has  0.1  volt  forward  bias  across  the 
base-emitter  junction  {Vee)  volts 
of  reverse  bias  across  the  collector- base 
Junction  (^cc^*  ^^^^  reduces  the 

width  and  height  of  the  emitter-base  Junction 
barrier*  The  10  volts  VqC  increases  the 
width  and  heigtitof  the  collector -base  junction 
barrier.  For  majority  carriers,  the  emitter- 
base  junction  appears  as  a  low  resistance, 
and  the  collector- base  junction  appears  as  a 
high  resistance. 

2-23.  The  N-type  emitter  has  many  free 
electrons  in  the  conduction  band*  The  P-type 
base  has  few  holes  because  it  is  lightly 
doped.  The  holes  exist  in  the  valence  band. 
The  N-type  collector  has  mary  free  electrons 
that  are  in  the  conduction  band.  The  forward 
bias  voltage  (V^e)  will  allow  some  of  the 
free  electrons  in  the  emitter  to  overcome 
the  base-emitter  barrier  and  enter  the  base, 
still  as  free  electrons  in  the  conduction  band. 
These  electrons  have  been  injected  from  the 
emitter  Into  the  base. 


2-21.  Understanding  transistor  currents 
leads  to  an  understanding  of  transistor 


2-24.  Once  the  electrons  are  in  the  base 
region,  they  are  minority  carriers.  They  now 
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Figure  2-6.  PlctoHal  and  Energy  Level  Dtagram  of  a  Biased  NPN  Transistor 


have  two  choices;  to  go  on  to  the  collector 
Or  stay  In  the  base.  To  stay  In  the  base,  the 
electron  must  lose  energy^  fall  from  the 
conduction  band  Into  the  valence  band,  and 
recombine  with  a  hole.  The  recombination  of 
an  electron  and  a  hole  results  In  base  cur- 
rent (Ig).  Remember,  however,  that  the 
base  hasfewholesavallat^le  for  recombination 
with  electrons  from  the  emitter. 

2-25.  Most  of  the  Injected  carriers  will 
go  on  toward  the  collector  lunction,  attracted 


by  the  large  positive  collector  potential. 
The  collector-base  Junction  Is  forwardbiased 
for  miiK>rlty  carriers  (electrons  Inthebase). 
The  Injected  carriers  see  a  forward  biased 
*UD'*tlon  and  readily  move  Into  the  collector 
material;  they  have  been  injected  from  the 
base  into  the  collector.  Once  they  arrive 
In  the  collector,  the  electrons  are  majority 
carriers  (In  the  conduction  band  of  the 
energy  level  diagram)  and  flow  throug^i  the 
collector  region  and  out  the  collector 
lead. 
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Figure  2*7.  ComroUlng  Effect  of  Forward  Bi&£  (NPN)  Showing  the  Amount  of  Bl&s  (top), 
the  Resulting  Electron  Flow  (center),  and  Energy  Level  Diagram  (bottom) 


2-26.  The  relative  magnitude  of  the  currents 
in  the  le&ds  of  &  tr^sistor  c^  be  discussed 
In  terms  of  percentage.  Total  transistor 
current  flows  in  the  emitter  lead,  so  Ig  Is 
100  percent.  Part  of  the  current  that  enters 
the  emitter  goes  to  the  collector  and  part  of 
it  goes  to  the  base.  Emitter  current  Is  the 
sum  of  collector  current  (Lq)  and  base  cur- 
rent (Ig).  Likewise,  I^^  is  equal  to 
minus  I„|  or  Ig  Is  equai  to  I„  minus  I^. 


B 


2-27.  In  general,  transistor  base  current 
(Ig)  Is  from  two  to  eight  percent  of  the 
emitter  current  (Ie);  the  average  is  about 
five  percent.  Consider  a  transistor  that  has 
100%^  and  98%  current  distribution  in 
the  emitter,  base,  andooUectorrespectivelyi 
with  an  emitter  current  of  10  mA,  Collector 
current  would  be  9.8  mA^  and  base  current 
would  be  0.2  mA  or  200  mlcroamps. 


2-26.  The  fact  that  the  emltter^baae  voltage 
is  relatively  small  (with  a  correspondingly 
small  base  current)  does  not  mean  that  it 
Is  unimportant.  The  emltter^base  voltage 
and  Its  effect  on  base  current  can  be  con* 
Sidered  the  CONTROLLING  FACTOR  for  the 
transistor.  To  illustrate  the  controlling  effect 
the  emitter-base  voltage  had  on  thetrandistor 
currents,  refer  to  Figure  2-7.  Figure  2-7A 
shows  an  NPN  transistor  with  0.2  volts  of 
forward  bias  and  10  volts  of  reverse  Uad. 
The  simpliaed  energy  level  diagram  shows 
the  height  (H)  and  width  (W)  of  the  base- 
emitter  Junction  barrier.  Under  these  con- 
ditions current  wlllflow  fromemltter-to-base 
and  emitter* to -collector*  The  width  of  the 
arrows  indicate  the  relative  magnitudes  of 
IEi  ^Bi  ^C-  Figure  2-7B  has  the  forward 
bias  voltage  increased  to  0.3  volts*  The 
increase  In  forward  bias  reduced  the  base- 
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Figure  2^8.  Controlling  E£fect  of  Forward  Bias  (PNP)  Showing  the  Amount  of  Bias  (Top), 
the  Resulting  Hole  Flow  (Center),  and  Energy  Level  Diagram  (Bottom) 


emitter  Junction  barrier  and  allows  more 
electrons  to  reach  the  base  and  collector, 
causing  an  increase  In  base  current,  emitter 
current,  and  collector  current*  Figure  2-7C 
shows  what  happens  when  the  forward  bias 
voltage  is  reduced  to  0*1  volts*  The  emitter- 
base  Junction  barrier  increases  in  height 
and  widthi  and  reduces  I31  Ig,  and  Ic- 
The  conclusion  that  can  be  made  is  this: 
The  effect  of  the  relatively  small  emitter- 
to-base  voltage  on  BASE  CURRENT  controls 
the  relaUvely  large  COLLECTOR  CURRENT* 

2-29*  The  emitter-base  voltage  of  a  PNP 
transistor  has  the  same  controlling  effect  as 
that  of  the  NPN.  Figure  2-8A  Illustrates 
a  PNP  transistor  with  0*2  volts  of  forward 
bias  between  the  base  and  the  emitter  and 
10  volts  of  reverse  bias betweenthe  collector 
and  base. 


2-30*  Because  holes  ^re  the  majority 
carriers  in  a  PNP  transistor  the  energy 
level  diagram  Is  now  Inverted*  That  lS| 
holes  try  to  move  upward  in  energy  (electrons 
try  to  move  downward  in  energy).  For  the 
holes  in  the  emitter  to  be  Injected  into  the 
base  nuterlal,  they  must  cross  the  emltter- 
*  base  Junction  barrier*  The  height  and  width 
of  the  barrier  represents  an  ot^posltion  to 
current  Just  like  the  Carrier  in  the  NPN 
transistor.  Therefore,  with  0.2  volts 
of  forward  bias  (Figure  2-8A)|  base  emitter, 
and  collector  current  will  flow  (represented 
by  arrow)* 

2-31*  When  the  forward  bias  oftheemltter- 
base  Junction  is  Increased  (Figure  2-8B), 
the  base  emitter,  and  collector  currents  will 
Increase.  This  forward  bias  has  reduced 
the  height  and  width  of  the  Junction  barrier. 
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Figure  2*9.     Nonlinear  Characteristics  of 
Emitter^Baae  Voltage  Versus  Collector 
Current 

making  it  easier  for  holes  to  flow  from  the 
emitter  into  the  base  region. 


^*    »    -    I    I    I    ,  1 

9ASE  CURRENT  m  HICROAMPS  (ig) 

Figure   2-10,      Linear  Characteristics  of 
Base  Current  Vs  Collector  Current 

to  the  amount  of  base  current.  The  average 
DC  base  current  is  called  BIAS.  Since  bias 
(base  current)  Is  the  controlling  factor  In  the 
operation  of  a  transistor,  they  are  referred 
to  as  CURRENT-CONTROLLED  devices. 


2-32.  When  forward  bias  is  decreased 
(Figure  2-8C)  to  0,1  volts,  the  height  and 
width  of  the  emitter-'base  barrier  increases 
and  l^t  Ie»  cl^crease.  Again,  the 

effect  of  the  relatively  small  cniitter-to* 
base  voltage  on  base  current  has  a  very 
large   controlling  effect  on  the  collector 
current. 

2'33.  Although  the  current  through  a  tran- 
sistor can  be  controlled  by  the  base-emitter 
voltage,  this  control  is  nonlinear  and  does 
not  give  a  clear  picture  of  the  actual  tran- 
sistor conditions.  Figure  2-9  is  a  curve 
showing  the  nonlinear  relationship  between 
the  base-emitter  voltage  and  collector  cur- 
rent. Taking  1  voU  as  a  reference,  a  0.1 
volt  increase  causes  collector  current  to 
change  7  mA  {from  9  mA  to  16  mA)*  A 
0*1  volt  decrease  produces  a  collector  cur- 
rent change  of  2  mA  (from  9  mA  to  7  mA), 

2-34.  On  the  other  hand,  a  very  desirable 
condition  exists  when  the  base  current  Is  used 
as  the  controlling  factor.  Figure  2-10  lUus* 
trates  a  curve  plotting  base  curren*inmicro- 
amps  against  coUectorcurrentin  mUllair.ps* 
Notice  that  there  Is  virtually  a  linear  rela- 
tionship between  and  Therefore,  the 
collector  current  will  be  directly  proportional 


2*35^    Leakage  Current 

2-36.  As  you  recall,  the  collector-base 
Junction  is  reverse  biased  for  normal  tran* 
slstor  operation.  If  the  emitter  lead  were 
open,  l£  would  cease,  allowing  us  to  measure 
the  small  reverse  leakage  current  which  will 
flow  from  collector  to  base.  This  current 
flow  is  referred  to  as  LEAKAGE  CURRENT 
or  ICBO*  III  the  term  ICBO,  the  I  indicates 
current,  the  subscripts  C  and  B  indicate 
collector  and  base  elements,  and  O  means 
open  emitter  lead.  Thus,  ICBO  means 
collector-base  reverse  bias  current 
measured  with  the  emitter  lead  open.  Although 
the  emitter  lead  ia  opened  to  conveniently 
measure  IcEO*  current  will  flow  as 
long  as  the  CB  junction  is  reverse  biased^ 

2-37,  Figure  2*11  shows  ai:  NPNtranslstor 
with  the  emitter  circuit openand the  direction 
of  Iq20  ^t^^cated.  Notice  that  the  direction 
of  ICBO  *3  OPPOSITE  to  that  of  normal 
base  current,  Howe  ve  r,  unde  r  normal 
operating  conditions,  the  amount  of  IcBO 
is  quite  small  (in  the  microampere  range) 
and  reduces  base  current  by  only  a  small 
amount.  Since  this  current  is  due  tominority 
carriers,  thn  amount  of  leakage  current 
increases  with  an  increase  In  the  Junction 
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Flijure  2-n.    IcBO  NPN  Trarwlfltor 

temperature.  As  tCBO  Increaeea,  baae 
current  will  be  lese  effective  in  controlling 
translator  operation.  Note  also  that  the 
direction  of  Ic&O  aids  Iq^  and  as  Junction 
temperature  increases,  total  collector  current 
[Iq  >  IcBO)  Increases.  This  increase  in 
current  generates  more  heat,  which  would 
greatly  reduce  the  efficiency  of  the  transistor 
and  possibly  destroy  It  (thermal  runaway). 

2-38.  As  a  general  rule,  IcbO  doubles  In 
value  for  each  temperature  rise  of  8  to  10 
degrees  Centigrade.  Since IcBO^^^^^nnlned 
by  heat,  the  Junction  temperature  must  be 
kept  low  for  efficient  and  safe  operation. 
The  amount  of  leakage  current  is  often  used 
as  a  measure  of  transistor  quality.  The 
leakage  current  UcBo)  ^  transistor  is 
often  referredto  as  SATURATION  CURRENT, 
because  the  amount  of  current  is  dependent 
primarily  on  Junction  temperature,  and  is 
relatively  Independent  of  the  amount  of 
reverse  Was  voltage  {V^^). 
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Figure  2-12.  Transistor  Symbols 

2-39.    Transistor  Symbols 

2-40.  Figure  2*12  shows  the  schematic 
symbols  for  PNP  and  NPN  transistors.  Hie 
only  difference  between  the  two  symbols  is 
the  direction  of  the  arrow  on  the  emitter 
lead.  In  the  PNP,  the  arrow  is  pointing 
toward  the  t>ase  lead.  In  the  NPN,  the  arrow 
points  away  from  tbe  base  lead.  Electrons 
flow  AGAINST  the  arrow*  Electron  flow  in  a 
PNP  translator  circuit  Is  into  the  collector 
and  base,  and  out  of  the  emitter*  Electron 
flow  In  an  NPN  transistor  circuit  la  into  the 
emitter  and  cut  of  tbe  base  and  collector. 
In  either  case,  the  electron  flow  is  AGAINST 
the  arrow  on  the  emitter  lead,  ^here  several 
transistors  are  used  in  a  circuit,  they  are 
generally  numbered  Qt,  02,  and  ao  on,  for 
identification. 
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Figure  2-13.  Bias  Polarities  and  Current  Directions 
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Figure         Biasing  a  Transistor  from  a  Voltage  Divider 


Figure  2-13  uses  the  schematic 
symbols  of  the  NPN  and  PNP  translators 
with  battery  symbols  to  show  the  properWas 
polarities  and  the  current  directions.  Figure 
2-I3A  shows  a  PNP  transistor  biased  for 
proper  operation.  The  base  is  negative  with 
respect  to  the  emitter  by  0.2  volts  due  to 
battery  EI,  which  is  forward  Was  for  the 
emitter-base  Junction.  Notice  also  that  the 
collector  is  negative  with  respect  to  the 
emitter  by  10  volts,  due  to  battery  E2. 
This  means,  the  collector  is  more  negative 
than  the  base  by  9.8  volts  (£2  *  £1).  This 
d.8  volt  difference  In  potential  is  felt  by  the 
coUector^base  Junction  and  is  the  required 
reverse  bias. 

2-42.  This  same  method  can  be  used  to 
properly  bias  an  NPN  transistor,  as  shown 
In  Figure  2-I3B.  Notice  that  the  batteries 


are  of  the  opposite  polarity,  andelectronflow 
In  the  escternai  circuit  Is  in  the  opposite 
direction.  Battery  £1  supplies  the  forward 
bias  for  the  emitter-*base  Junction,  and  £2 
places  the  collector  at  +10  volts.  Once  again, 
the  difference  Inpotentlaibetweenthe  base  and 
collector  (d.6  volts)  Is  the  reverse  bias 
across  the  coUector*base  Junction. 

2*43.  Biasing  of  transistors  for  proper 
operation  has  been  Illustrated  using  two 
batteries  to  supply  the  emitter-base  forward 
bias  and  coLIector^base  reverse  bias.  How- 
ever, proper  operation  can  also  t>e  achieved 
by  using  a  single  battery  or  power  source  and 
a  voltage  divider  to  otHaln  these  voltages. 

2*44.  The  use  of  a  single  power  source  to 
supply  the  ;w):^essary  bias  voltages  Is  illus- 
trated in  Figure  2*14.  This  single  power 
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nource  ts  generally  referred  to  as  Vcc- 
Rl  and  ^2  form  a  simple  series  voltage 
divider.  Notice  that  n2  Is  connected  across 
th«  base^emltter  junction  of  the  transistor, 
and  the  voltage  drop  across  R2  (0.2  volts) 
win  be  felt  as  forward  bias  for  the  EB 
Junction. 

2-45,    Resistor  HI  Is  connected  across  the 
coUector^base  Junction.    The  0.8  volt  drop 
across  this  resistor  wUl  make  the  collector 
more  poeltlve  than  the  base,  and  therefore, 
provides  the  necessary  reverse  bias  for  the 
collector-base  junction. 
2-46.    ^  most  equipment,  several  transistors 
are  used,  all  powered  from  a  single  power 
source.  It  Is  often  convenient  to  indicate 
connections  to  the  power  source  CVcc)intho 
manner  shown  in  Figure  2-14B.  The  terminal 
marked  +VcC  Is  understood  to  be  connected 
to  the  positive  <+)  terminal  of  the  power 
source   (as  indicated  by  the  dotted  line), 
and  the  other  terminal  is  understood  to  be 
connected  to  ground*  When-Vcclslit<**<^tfi«*» 
the  negative  terminal  of  the  power  source 
is  connected  to  this  point,  and  the  positive 
terminal  is  understood  to  be  connected  to 
ground. 

2-47.  In  some  circuits,  resistor  R2  (see 
Figure  2-14A)  is  not  used;  the  resulting 
circuit  is  shown  in  Figure  2-14C.  The  resist- 
ance of  the  emitter-base  junction,  HgE,  is 
used  to  provide  proper  bias  in  the  circuit* 
The  EQUIVALENT  aHCtJlT  shown  in  Figure 
2-14D  shows  how  this  Is  done*  Resistors  HI 
and  HBE  now  form  the  series  voltage  divider 
to  provide  bias*  The  voltage  drop  across 
HBE  makes  the  base  positive  with  respect 
to  the  emitter  {forward  bias)  and  Rl  pro- 
vides the  reverse  bias  for  the  collector- 
base  Junction  in  the  same  manner  as  befor*. 

2-48,    Transistor  Configurations 

2-49.  In  previous  lessons  we  have  dlS' 
cussed  the  constructton,  biasing,  and  basic 
operation  ot  the  transistor*  Now  we  wUl 
discuss  some  applications  of  the  transistor, 
and  ite  circuit  characteristics.  One  important 
application  of  the  transistor  is  to  obtain 
voltage  or  current  amplification.  AMPLI- 
FICATION is  defined  as  the  ability  of  a  circuit 
to  take  a  small  change  in  voltage  or  current 


and  produce  a  larger  change  in  output  voltage 
or  currentthataccuratolyfoUows  every  detail 
of  the  input. 

2-50,  Examples  of  devices  that  produce 
theiie  small  changes  in  input  voltage  or 
current  are  nilcrophones  and  magnetic  tape 
decks.  These  small  changes  are  referred 
to  ae  INPUT  SIGNAL  voltages  or  currents. 
When  these  signals  are  applied  to  the  input 
of  an  amplifier,  much  larger  changes  In 
voltage  or  current  are  produced  at  the  output. 
These  output  changes  are  referred  to  as  the 
OUTPUT  SIGNAL. 

2-51.    A  transistor  may  be  connected  in  any 
one  of  thrte  basic  amplifier  configurations. 
Each  type  has  particular  characteristics 
which  make  it  suitable  for  specific  appli- 
cations. These  circuits  are  the  CD  common- 
emitter  (CE),  (2)  the  common-base  (CBJ^and 
(3)  the  common  collector  (CC)  configuration. 
They  are  also  sometimes  called  the  (1) 
grounded-emitter,  (2)  grounded- base,  and 
(3)   g rounded-collector  configurations.  The 
COMMON  or  GROUNDED  element  of  the  tran- 
sistor is  that  element  which  is  common  to 
both  the  input  and  output  signal  path.  Figure 
2-15  shows  the  three  basic  configurations 
using  an  NPN transistor. 
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Figure  2-15.  Transistor  Conllgurations 
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2-!i2,  Fljoiro  2-15A  flliawrt  tho  common- 
omUtor  (CK)  ootiflguratlon.  OtUy  tho  signal 
paths  arc  sliown;  tlio  iiocoasary  bias  cir- 
cuitry has  bcon  loft  out  for  simplicity.  In 
a  common  emlttor  configuration^  the  Input 
signal  voltago  Is  applied  to  tho  base  of  tho 
transistor  with  roapoct  to  the  omlttor.  Tlie 
output  is  takon  from  the  cotloctor  with 
rospoct  to  tho  emitter.  Notlco  that  the  emitter 
is  COMMON  to  txitti  tho  Input  and  output 
signal  paths. 

2-53.  Remember  that  a  change  In  voltage 
across  the  bade*emitter  Junction  (bias  voltage) 
will  cause  the  base  current  to  change,  pro- 
ducing a  chantfo  in  collector  current*  In  the 
next  chapter  you  will  learn  how  this  change 
In  collector  current  can  produce  a  change  In 
collector-emitter  voltage.  This  change  in 
voltage  win  become  the  output  signal  voltage. 

2*'S4«  Wo  can  use  the  following  steps  to 
Identify  a  transistor  configuration: 

a.  Identify  the  element  to  which  the  input 
signal  is  applied  (base);  the  input  Is  always 
applied  to  the  emitter  or  base, 

b.  IdentUy  the  elementfromwhlchtheout- 
put  signal  is  taken  (collector);  there  will 
always  be  a  load  resistance  In  the  output* 
The  output  Is  never  taken  from  the  base, 

c.  The  remaining  element  tells  the  name 
of  the  configuration  (common  emitter). 


2-55.  Lot  u.n  apply  tlioso  stops  to  Idi^ntlfy 
the  con fifiicu ration  .shown  In  Fi^iCure  2-lSU. 
Tho  Input  signal  Is  appUod  to  tho  cnilttor. 
Tho  output  signal  la  takon  from  the  coN 
lector.  Since  tho  base  Is  tho  remaining 
olomentf  this  transistor  Is  In  the  common** 
base  (CB)  configuration.  Befor^i  studying  th€ 
effect  of  the  Input  signal  on  the  circuits, 
wo  win  first  discuss  the  DC  or  STATIC 
operation  and  current  paths  for  each 
configuration. 

2-56.     Common  Emitter  Configuration 

2-56A.  Figure  2-16  illustrates  the  con- 
nections for  both  NPN  and  PNP  transistors 
In  a  common  emitter  configuration.  The  NPN 
transistor  usually  has  a  positive  voltage 
(+Vcc),  and  tho  PNP  transistor  usually  has  a 
negative  voltage  (-Vcc)*^  satisfy  the  require- 
ments necessary  for  the  proper  bias  of  the 
transistor.  The  forward  bias  for  the  EE 
junction  and  reverse  bias  for  the  CB  Junction 
are  provided  by  ^co  which 
C^rm  a  series  voltage  divider  bias  network. 
Resistor  Rl  *s  called  a  COLLECTOR  LOAD 
RESISTOR,  and  its  function  in  the  circuit 
will  be  discussed  In  detail  in  the  next 
chapter. 

2-57,  Figure  2-16A  shows  that,  with  proper 
bias  applied,  there  will  be  electron  flow  INTO 
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Figure  2-16t  Common  Emitter  Configuration 
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Figure  2*17*  Static  Cdmmon  Emitter  ConflguraUon  and  CharsLCtorlstlc  Curves  (2N334) 


the  emitter  (Ie).  A  portion  dl  this  current 
will  flow  OUT  of  the  base  lead  as  base 
current  (I^)*  Moat  of  the  current  will  contlniie 
to  flow  through  the  tranaistorj  and  come  OUT 
of  the  collector  leadae  collector  current  <Ic)* 

2-58*  Figure  2-iefi  ghowa  current  paths  for 
the  PNP  translator*  NoUce  that  V^^  is  now 
negatlrej  and  electrons  flow  from  the  power 
source  to  ground.  Electrons  flow  INTO  the 


the  base  through  Rl  and  INTO  the  coUectorj 
and  OUT  of  the  emitter  lead. 

2-S9*  In  our  discussion  of  trar«Hlstors  we 
have  used  general  terms  to  indicate  Its 
characteristics;  that  ISj  small  voltagSj  small 
currentj  larger  currentj  etc*  Transistor  cir- 
cuit conditions  and  operation canbepredlcted 
much  more  accuratelr  by  the  use  of  character** 
Istic  curves*  A  transistor  CHARACTERISTIC 
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CUhVK  10  a  graph  plotting  the  roUtlonflhlpa 
botwoon  curronta  ^nd  voltages  Inatranalotor 
circuit  U'ually^  moro  than  one  curvo  Is 
plottod  on  the  graph.  The  graph  lA  thon 
called  A  FAMILY  of  curvos* 

2-00.  To  determine  the  cUaracterlAUc 
curves  for  a  translstor^astsitlcconflguratlon 
(as  shown  In  Figure  2-17A)  Is  u8od«  This 
static  circuit  allows  us  to  measure  tho 
CONTROL  ADVANTAGE  the  base-emitter 
Junction  will  have  on  collector  current.  For 
example,  the  circuit  of  Flgue  2-17A  lA  a 
static  grounded  emitter  ^"onilguratlon.  HI  Is 
used  to  set  the  level  of  base  current  sit  some 
constant  value  (say  Ig  -  Bp^A).  Then  the  col- 
lector current  1q  Is  measured  for  various 
values  of  collector-emitter  voltage*  The 
results  are  plotted^  forming  the  1q'  SQ^A 
line  In  the  family  of  curves  (Figure  2-17B). 
This  procedure  Is  repeated  to  form  tho  other 
curves  In  the  family  shown* 

2-61.  Figure  2-17B  Illustrates  a  family  of 
curves  for  a  2N334  transistor  used  In  a 
common  emitter  configuration.  This  chart 
can  only  used  for  the  2N334  type  tran- 
sistor in  a  CE  configuration.  Gianglng  either 
the  type  oftranslstororlts  CONFIGURATION 
would  require  a  different  family  of  curves* 
These  curves  SLre  supplied  by  the 
manufacturer. 

2-62.  The  HORIZONTAL  AXIS  of  the  graph 
plots  collector-emitter  voltage  (Vce)  fromO 
to  40  volts.  The  VERTICAL  AXIS  plots 
collector  current  (Ic'  values  from  0  to  7 
mA.  The  curves  are  showing  different  levels 
of  base  current  Ub'*  example,  at  ^ny 
point  on  the  curve  marked  Ib  =  100  ^A, 
the  base  current  ^1  bo  lOQ^A.  Any  point 
on  one  of  the  Ib  curves  then  shows  three 
important  things  -  the  base  current,  the 
collector  to  emitter  voltage,  and  the  resultant 
collector  current  If  the  transistor  were 
biased  to  allow  75  ^ A 'base  current  to  flow 
with  10  volts  of  collector  voltage  (Point  A, 
Figure  2-17B)t  the  curve  predicts  the  amount 
of  collector  current  that  will  Co\tf  (1q  « 
1*4  mA)* 

2-63.  The  output  characteristic  curve  also 
shows  the  effect  that  ^  change  in  collector 


voltage  (Vcj  )  will  have  on  collector  cUiMVjjit 
(1q),  For  example^  with  Vq£  «  10  voU;i  and 
Ig  «  76mA^  tho  collector  curront  Oq)  Is 
equal  to  1.4  niA.  If  ^CE  Increased  (Point 
Bp  Figure  2-»17fi)  notice  that  iQchangosfrom 
1.4  mA  at  10  volts  to  1*6  mA  at  40  volts. 
From  this  we  can  conclude  that»  oxcept  for 
very  lo>^  collector  voltages,  large  changes  In 
Vqe  result  In  only  small  changeslncoUector 
current. 

2-64.    The  output  characteristic  curve  for  ^ 
transistor  also  shows  the  relationship  twtween 
changes  in  base  current  (Ifi)and the  resulting 
changes  In  collector  current.  For  example, 
with  Vqe  a  lOv  and  Ig  «  75^A^the  collector 
current  will  be  1.4  mA.  If  the  bias  cur-^ 
rent  Ub^      Increased  from  76mA  Co  lOQ^A 
(Point  Ct  Figure  2-17B)t  collector  current 
will  Increase  to  2«SmA.  We  can  readily  see 
that  ^  small  change  In  Ip  from  76  ^ 
to  IOC        (a  change  of  2S        produces  a 
large  change  in  collector  current  (2.5  1 
1.4  mA  >  1.1  mA). 

2-65*  The  CONTHOLLING  EFFECT  of  base 
current  on  collector  current  Is  calledBETA. 
Beta  is  the  maximum  theoretical  current 
gain  (ampllHcation  factor)  of  a  common 
emitter  configuration.  BETA  1a  therefore 
defined  as  the  forward  current  transfer  ratio 
of  a  common  emitter  configuration.  The 
formula  Is: 


Beta  ifi )  =  ^-p  with  constant 
B 

( A  l9  the  Greek  letter  Oelta,  and  is  used 
to  Indicate  a  small  change.)  CE  amplifier 
gain  is  somewhat  less,  as  determined  by 
circuit  component  values  and  will  t>e  dis-^ 
cussed  in  a  later  chapter* 

2-66.  Using  the  curves  In  Figure  2-18t 
we  can  calculate  twtafor the  2N334  transistor 
in  a  CE  configuration*  As  sin  example^  let 
us  assume  a  constant  of  20  volts. 
If  the  input  current  (Ib'  changsd  from 
75  ^A  to  100  mA»  the  output  current  (}q) 
will  change  from  1.5  mA  to  2.6  mA.  Placing 
the  values  for  Mb  (25  MA)and  Alc(l.l  mA) 
In  the  formula  we  calculate  t>eta  to  t>e  44« 
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Flsure  2*18.  CE  Characteristic  Curves 
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This  simply  means  that  a  change  In  base 
current  prochices  a  change  In  collector  cur* 
rent  which  is  44  times  as  large* 

2*67.  The  characteristic  curve  alaoillus* 
trates  the  DC  resistance  Hiat  transistors 
offer  In  a  circuity  and  Hie  effects  that 
changes  In  base  current  have  on  this  coU 
lector  to  emitter  resistance.  Refer  to  Figure 
2*18.  If  the  transistor  is  operated  with 
VcE  ^  ^^^^  ^  <?>^Be  current) 
of  75  ;/A|  there  will  be  1,5  mA  of  collector 
current.  Using  Ohm's  Law*  the  collector 
to  emitter  resistance  of  the  transistor  can 
be  calculated  as  follows: 


CE 


20  volts 
l.S  mA 


13.3  kohms 


Note  that  If  the  base  current  is  increased 
to  12S  mA|  collector  current  will  Increase 
to  3.6  mA|  and  the  resistance  of  the  tran* 
slstor  will  decrease  to  5.6  k  ohms* 


CE    20  volts 


TC  r 


3.6  mA 


5.6  k  ohms. 


This  Illustrates  the  flct  that  small  changes 
In  forward  bias  (base  current)  produce  large 
changes  inthetranslstorscoUectorto emitter 
resistance. 
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A.  tJFTJ 


Figure  2-19*  Common  Base  Configuration 

2-68*    Common  Base  Configuration, 

2-69.  Figure  2-19  Illustrates  PNP  andNPN 
transistors  biased  for  operation  In  common-* 
base  (CB)  conflguraUon.  The  NPN  translator 


^40 


In  Figure  2-lOA  lias  a  poaltlvc  Vqq  fiourcu 
voltage  whlchodtabllshostho  required  reverse? 
blad  botween  tho  collector  and  base.  The 
forward  bias  for  the  base^emlttcr  junctlonla 
fUmliahcdby  the  negative  V££  source  voltage. 
H£  Is  used  to  control  the  amount  of  for^ 
ward  bias  to  the  EB  Junction^  and  Hf^  Is 
again  the  collector  load  resistor*  FortheNPN 
transistor^  electrons  will  loave  the  '^£T^ 
terminal  and  flow  INTO  the  emitter;  part  of 
these  electrons  flow  OUT  of  the  base  lead 
as  base  current^  Ig^  and  the  remaining 
electrons  flow  OUT  of  the  collector  lead  as 
collector  current^  I^* 

2*70.  The  PNP  transistor  (Figure  2*19B) 
has  a  negative  V^p  to  provide  the  reverse 
bias  between  collector  and  base,  and  a  posl* 
tlve  to  provide  the  forwardblas between 
base  and  emitter.  Electrons  flow  INTO  the 
'collector  and  base  and  OUT  of  the  emitter 
leadp  as  shown  in  Figure  2->19B. 

2*71.  Figure  2-20  shows  a  family  of  char- 
acteristic curves  for  the  2N334type  transistor 
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Figure  2-'2L.  CB  Characteristic  Curves 


in  the  common-base  configuration,  Whilethis 
graph  may  at  first  appear  to  be  the  same  as 
the  one  for  a  CE  configuration,  there  are 
several  important  differences  you  shouldnote. 
The  horizontal  axis  now  indicates  the 
collector- base  voltages,  since  in  this  con^ 
figuration,  the  output  is  taken  from  the  col- 
lector with  respect  to  the  base*  Also,  since 
the  input  is  now  applied  to  the  emitter  with 
respect  to  the  base,  the  various  curves  ia  the 
family  are  now  labeled  as  emitter  currents 
(l^  =  1  mA,  2  mA,  etc).  This  family  of 
curves  is  determined  from  a  static  common 
base  configuration  in  much  the  same  way  as 
you  saw  in  the  common  emitter  static  cir- 
cuit of  Figure  2-17A*  Now,  however,  emitter 
current  is  held  constant  to  produce  each 
curve  in  the  family* 

2*72*  Notice  thatthe  coUectorvoltage  (Vcb^ 
has  very  little  effect  on  collector  current 


(Iq),  Changes  in  emitter  current,  however, 
do  produce  corresponding  changes  in 
collector  current.  We  cansay,  therefore,  that 
changes  in  EMITTER  CURRENT  will  have  the 
controlling  effect  on  the  amount  of  collector 
current  that  will  flow  in  the  circuit. 

2-73.  In  the  COMMON-BASE  conflguraUon, 
this  controUlng  effect  of  Ie  ^®  called 

ALPHA.  Alpha  is  defined  as  the  forward  cur- 
rent transfer  ratio  of  a  common  base  con- 
figuration* The  formula  for  alpha  is; 

Alpha  (a) 


^Ith  V„  constant 


2-74*  This  formula  represents  a  theoreti- 
cal current  gain  or  amplification.  The  CB 
characteristic  curves  can  be  used  to  calcu- 
late alpha  (see  Figure  2-21).  With  the 
coUector-base  voltage  (V^g)  held  constant 
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Figure  2*22.  Common  Collector  Conflpuratlou 


REP4*645 


at  15  volts^  emitter  current  is  changed  from 
1  mA  to  3  mA,  for  example^  and  I^;;  changed 
from  1  mA  to  2«8  niA*  So^  for  a  2  mA 
change  in  emitter  current  (3  mA  -  1  mA), 
collector  current  changed  by  US  mA  (2*8 
mA  -  1  mA), 


Alpha  (d) 


C    1.8  mA 


2  mA 


2-75.  This  is  a  current  gain  of  less  than 
one.  Since  a  part  of  the  change  in  emitter 
current  (  A%)  will  flow  into  the  base  circuit 
and  not  appear  as  a  change  in  collector 
current  (Alr)t  change  in  collector  cur- 
rent will  ALWAYS  be  less  than  the  change  lii 
emitter  current  that  causes  it.  This  leads 
us  to  the  following  rule:  ALPHA 
ALWAYS  LESS  THAN  ONE. 

2-76*  Small  changes  in  emitter  current 
(forward  bias)  will  produce  large  changes  In 
the  collector  reslstancei  In  the  same  manner 
as  you  already  studied  inthe  common  emitter 
configuration.  Simply  use  the  formula  B^q  « 
V^g/  to  calculate  the  resistance  of  the 
transistor  at  any  point  on  the  graph. 

2-77.    Common  Collector  Configuration 


2-78.  Figure  2-22  shows  the  common- 
coltector  configuratloni  with  the  resulting 


current  paths  showing  direction  and  relative 
magnitude  of  electron  flow.  Notice  that  the 
direction  of  current  Is  determined  by  the  type 
of  transistor  {NPN  or  PNP)>  and  not  the 
circuit  configuration.  Forthe  NPN  transistor, 
electrons  always  flow  into  the  emitter,  out  of 
the  base,  and  out  of  the  collector.  For  the 
PNP  translstori  these  *  directions  are 
reversed. 

2-7d.  The  gain  or  forward  current  transfer 
ratio  of  the  common  collector  configuration 
Is  called  GAMMA.  The  formula  for  gamma 
is: 

^^E 

Gamma  (Y)  with  V^^  constant 

B 

However,  since  output  characteristic  curves 
are  seldom  prepared  for  the  common  col- 
lector configuration,  gamma  is  instead  com- 
puted by  calculating  Beta  and  adding  one. 
The  formula  then  becomes: 

Gamma  [1^)-  Beta  +1 

For  example.  If  a  transistor  with  a  Beta  of 
4d  were  used  in  a  common  collector  con- 
figuration. Gamma  would  be  4d  +  1  =  50. 

2-80.    Configuration  Relationships 
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2*01,  Since  a  given  tranalBtor  may  bd  con- 
nected tn  any  of  the  three  basic  conflgura* 
tlonfl^  there  must  be  a  relationship  between 
Alpha^  Botap  and  Gamma.  Manufacturers 
usually  specify  a  value  of  Alpha  or  Beta 
for  a  given  transistor.  The  relationships 
between  ALpha»  Beta^  and  Gamma  are  glvei 
by  the  following  formulas: 

Beta  (jfl )  = 


Alpha(d).  j- 
Gamma  ("/)  =  v<!?  +  1 

2-82.  For  example^  a  transistor  has  an 
Alpha  of  0.05  but  we  wish  to  use  It  In  a 


common  emitter  configuration.  Tills  moann 
we  must  determine  Bota. 

<t  0.95  0.95 

Beta  .  — ^^^g.^M9 

2-03^  Therefore^  a  change  In  base  current 
In  this  transistor  wUl  produce  a  change  In 
collector  current  that  will  be  19  times  as 
large. 

2-04.  If  we  wished  to  use  this  transistor  In 
a  common  collector  conflguratlonp  we  can 
find  Gamma  by: 

Gamma  »  Beta  >  1  »  19  4*  1  20 

2"05.    If  we  wish  to  use  a  transistor  with 
a  Beta  of  99  in  a  common  base  circnUtp 
we  can  use  the  formula  to  find  Alphas 
/8  90  09 
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Chaptor  3 


AMPLIFIER  PniNDPLES 


3-1.  In  this  ch2ptor,  wo  will  concontrato  on 
the  capablLltieB  of  tho  tranBiatoraianampLl^ 
fying  device.  As  you  recall  from  your  atutJty 
of  circuit  confisu rational  the  raUo  of  output 
changes  to  Input  changes  dotermlnos  gain. 
Theso  changos  could  be  In  currnntj  voltagej 
Or  power,  and  will  be  used  in  the  calcula- 
tion of  an  amplifier's  currentj  voltagej  and 
power  gains.  Amplification  depends  on  the 
change  in  the  transistor's  resistance  caused 
by  an  input  signal.  To  Illustrate  this  principle 
refer  to  Figure  3-1. 

3-2.  Figure  3-lA  shows  a  voltage  divider 
consisting  of  fixed  resistor  Rl  and  variable 
resistor  R2  connected  across  a  DC  voltage 
source.  The  voltage  at  point  A  with  respect 
to  ground  is  determined  by  the  size  of  the 
resistors  and  the  appliedvoltage. Decreasing 
the  resistance  of  R2  causes  the  vcdtage  at 
point  A  tc  decrease.  Increasing  tfao  resist- 
ance causes  the  voltage atpointAto increase. 
The  resistance  of  R2  provides  a  control  of 
the  voltage  appoint  A. 

3-3.  Figure  3-lD  uses  the  resistance  of 
transistor  Ql  to  control  the  voltage  at  point 
A.  We  used  characteristic  curves  to  show 
that  bftse  current  controls  collector  current 
in  a  t  't^istor.  For  a  small  change  in  Iqj 
the  coh.  urrent  changes  alarge  amount. 
This  large  .  :.iige  in  I^;  results  from  a  large 
resistance  change  in  the  transistor.  In  other 


wordSj  base  current  controls  tho  rQaistanco 
of  thf)  transistor. 

3^4.  A  tranBlstorj  tfaenj  acts  like  avarlablo 
resistor.  U  base  current  is  small  (FigUi^^e 
3- IB)  the  resistance  of  Ql  would  be  largej 
and  the  voltage  at  point  A  would  be  almost 
equal  to  the  applied  voltage.  U  base  current 
is  a  large  valuSj  the  resistance  of  Ql  would 
be  smallj  and  the  voltage  at  point  A  would 
be  almost  equal  to  zero  volts.  The  result 
IS  that  ^  change  in  bade  current  controls 
the  voltage  at  point  A. 

3-9.  Figure  3-lCshowsanamplifierclrcult. 
The  transistor  Ql  and  HI  are  connected  In 
series  across  the  applied  voltage  source. 
Ileslstor  R2  lurnishes  the  forward  bias  for 
the  transistor.  Transistor  resistance  changes 
are  controlled  by  signal  generator  Gl.  Capa- 
citor CI  couples  the  output  from  the  gene* 
rator  to  transistor  Ql.  Notice  that  the  signal 
IS  applied  to  the  transistor's  base  and  will 
cause  base  current  to  change  at  the  same 
rate  as  the  input  signal.  This  causes  a  change 
in  transistor  resistance.  The  change  intran- 
sistor  resistance  causes  a  relatively  large 
voltage  change  at  point  A.  The  resulting 
signal  output  or  waveform  at  point  A  will 
have  the  same  characteristics  as  the  input 
signal  voAtagej  but  will  be  much  larger. 
This  is  how  amplification  is  achieved  in  a 
transistor  amplifier. 
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Figure  3-2-  Cdmmon  Emitter  Conllguratlon  (NPN) 


3<-6.  Amplification  In  a  Common  Emitter 
Configuration 

3-7.  A  commonemltterampLlflerconflgura* 
tlon  le  shown  In  Figure  3-2.  Notice  that  the 
Input  signal  Is  applied  t>etween  the  base  and 
emitter,  and  the  output  signal  la  takenbetween 
the  collector  and  emitter.  The  emitter  is  the 
electrode  that  ^  common  to  the  Input  and 
output,  hence  the  name  common  emitter. 
Resistor  la  called  the  collector  load 
reslator.  Without  H^,,*  the  voltage  on  the 
collector  would  always  be  equal  to  Vcc* 
The  collector  load  reslstormakesthe  voltage 
on  the  collector  (Vp)  change  as  translator 
resistance  changes.  The  resistor  Hq  and  the 
resistance  of  the  base-emitter  JuncUon(He£;) 
provide  the  nece^ary  forward  bias  (Ig) 
for  the  transistor.  Forward  bias  current  flows 
from  ground  to  the  emliter,  through  Rgg, 
out  the  base  lead  and  through  Rd*  to  Vcc* 


3-8.  The  coupling  capacitor  (Cq)  In  Figure 
3-2  serves  two  purposes,  it  la  used  to 
COUPLE  the  AC  signal  to  the  amplifier 
Input.  Also,  It  bloclcs  the  OC  voltages  which 
are  present  on  one  side  of  the  coupling 
capacitor  from  reaching  the  other  side. 

3-9.  The  Input  signal  to  the  amplifier  Is  a 
slnewave  which  causes  the  bias  voltage  to 
vary  above  and  below  the  static  bias  level 
(no  signal  input)-  Figure  3-3  llluetratee 
the  static  bias  condition,  with  600  milll* 
volts  of  bias  voltage  and  no  signal  Input. 
The  600mv  t^attery  represents  the  bias  volt- 
age developed  across  RqE'  ^  static  Ic  of 
2  mA  wlU  develop  10  volts  across  the  c6I- 
lector  load  resistor  (Rl)-  Since  Rj^andQl 
are  In  series  with  25  volts  (Vcc)»  ^PpUed, 
Wq  will  be  equal  to  15  vbltSf  The  voltage 
across  and  the  transistor  must  add  up 
to  Vqq, 
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Fisure  3-4.  Input  Signal  Conditions 


3-LO.  As  the  Input  sternal  e^oeaposltivei  base 
voltage  Increases  from  600mv  to  700mv.  See 
Figure  3-4.  This  increase  in  base  voltage 
Increases  collector  current.  Assume  1c 
increases  from  2  mA  to  3  mA*  The  voltage 
across  will  increase  from  10  to  15 

volts  and  Vq  will  decrease  to  10  volts*  Note 
that  the  output  voltage  is  a  negative  alterna- 
tion of  voltage  that  is  180^  out  of  phase  and 
larger  in  amplitude  than  the  input*  In  other 
wordSi  a  positive  input  signal  will  produce 
a  decrease  in  output  voltage. 

3«1U  During  the  negative  alternation  of  the 
input  signali  Figure  3-4,  base  voltage 
decreases  from  600  mv  to  500  mv*  This 
decrease  in  tia&e  voltage  decreases  base 
current.  Collector  current  will  decrease  from 
2  mA  to  1  mA.  The  voltage  across 
would  decrease  to  5  volts,  and  Vq  would 
Increase  to  20  volts*  The  output  is  a  positive 
alternation  of  voltage  which  is  out  of  phase 
with  and  larger  than  the  Input  To  summarize, 


with  an  it^ut  signal  voltage  amplitude  of 
200  mv  peak-to-peak  the  bafie  current  changes 
caused  output  amplitude  changes  of  10  volts 
peak-to'peak.  A  small  input  signal  voltage 
has  been  amplified  to  produce  a  large  output 
signal  voltage* 

3*12.  The  PNP  verslonof  a  commonemitter 
configuration  is  shown  in  Figure  3*5.  The 
primary  difference  between  PNP  and  NPN 
common  emitterconflgurationgisthe  polarity 
of  the  source  voltage.  With  a  negative  Vqc, 
the  base  voltage  is  negative  with  respect  to 
ground  and  fOrnlshes  a  forward  bias  for  the 
base.  This  is  represented  by  the  600  mv 
battery  in  Figure  3-6  and  is  the  static 
bias. 

3-13.  On  the  positive  alternation  of  the 
input  signali  Figure  3-6|  base  current  will 
decrease  due  to  the  fact  that  base  voltage 
has  decreased  from  600  mv  to  ^00  mv* 
The  decrease  in  Iq  causes  Iq  to  decrease 


Figure  3-5.  Cbmmon  Emitter  Amplifier  (PNP) 


3-3 


ERIC 


3S6 


Figure  3-6.  Cbmmon  Emltte 

from  2  mA  to  1  mA<  The  voltage  across 
decreases  from  10  volts  to  5  volts« 
Collector  voltage  (Vq)  then  increases  from 
•15  volts  to  •20  volts.  Note  that  increasing 
Ib«  increases  lQandincreasingIc«  decreases 
Vq*  The  output  signal  varies  atthe  same  rate 
as  the  sinewave  input,  but  Is  amplfied. 

3"14<  When  the  negative  alternation  of  the 
input  signal  Is  applied^  Figure  3-6,  base 
voltage  increases  to  700  mv  which  increases 
I3.  As  I3  increases,  Iq  increases  to  3  mA« 
As  collector  current  increases,  the  voltage 
across  Hl  increases  to  15  volts  and  Vq 
decreases  to  -10  volts.  The  change  in  Vq 
from  it's  static  value  (-15  volts)  is  the  output 
signal  voltage.  This  is  the  amplified  version 
of  the  input  signal. 

3*15,    Common  Emitter  Circuit  Analysis 

3*16,  There  are  several  methods  of 
analyzing  amplifier  circuits.  We  Mil  use 
the  graphical  method.  It  gives  good  results 
and  Is  cjuite  simple  to  do.  This  method  is 
called  LOAD-LINE  ANALYSIS. 

3^17.  In  order  to  use  this  method,  we  must 
first  review  common  emitter  characteristic 
curves.  You  should  recall  that  this  family  of 
curves  relates  collector  voltage  Vq  to  col- 
lector current  Iq  for  various  values  of  base 
current  I3,  Also,  any  point  on  one  of  the  I3 
curves  shows  three  Important  values;  base 
current,  collector  voltage,  andcoUectorcur- 
rent.  Finally,  each  transistor  has  Its  own 
set  of  characteristic  curves. 


Signal  Amplification  (PNP) 

3^18«  To  predict  the  performance  of  a  cir^ 
cult,  we  can  use  characteristic  curves  and 
draw  LOAD  LINES  to  represent  the  circuit 
studied.  A  LOAD  LINE  is  a  line  representing 
all  the  possible  current  -  voltage  relation- 
ships (Iq  and  Vq£)  for  a  given  circuit* 
In  other  words,  the  loail  V.ne  will  show  the 
values  of  Iq  aiid  Vqj;  (output)  for  any  value 
of  I3  (input)*  With  a  load  line  we  can  deter- 
mine current^  voltage^  and  power  gains. 

3-19.  The  circuit  of  Figure  3-7  will  be 
used  to  demonstrate  the  use  of  a  toad  line 
to  analyze  a  transistor  amplifier.  A  close 
inspection  of  the  circuit  diagram  will  reveal 
the  following  facts: 

a*    The  circuit  is  a  common^emitter  con- 
figuration. 

b.  Transistor  is   a  type   2N118  (NPN 
low  power). 

c.  Vqq,  the  collector  supply  voltage,  is 
25  volts. 


Figure  3*7.    Transistor  Amplifier  Circuit 
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Figure  3*6.  Common  Emitter  Characteristics 


d.  Hx^p  the  collector  load  resistor,  Is  5 
k  ohms. 

e.  HpQ,  the  base-emitterjunctlonreslat- 
ance,  is  3  k  ohms. 

f.  Rp,  the  forward  Was  resistor.  Is  247 
k  ohms. 

^.    Input  signal  is  50  peak-to-peak. 

3-20.  We  win  also  needthe  commonemltter 
characteristic  curves  for  the  2N118 
transistor,  as  shown  In  Figure  3*8.  With  this 
Information,  we  are  ready  to  proceed  with 
the  circuit  analysis. 

3-21.    Step  ];  Plot  the  Load  Line. 


3-22.  Two  points  establish  a  load  line: 
maximum  coUectorvoltage  and  maximum  col- 
lector current.  To  find  the  maximum  col- 
lector voltage,  let  the  transistor  act  as  an 
OPEN  circuit.  Now  there  is  no  path  for  col- 
lector current.  With  no  collector  current 
through  the  load  resistor  H^^  there  is  no 
voltage  drop  across  it  to  subtract  from  the 
supply  voltage.  We  read  the  applied  voltage 
across  the  tranalatoi^.  The  collector  voltage 
will  equal  the  supply  voltagej  we  have  one 
ijuiut  of  the  load  line.  This  point  is  on  the 
collector  voltage  (horizontal)  ajds  (V^)  at 
25  volts  and  collector  current  (vertical)  axis 
(!<;)  at  0  mA.  This  Js  point  A  In  Figure  3*8. 

3-23.  The  second  point  is  determined 
by  letting  the  transistor  appear  aft  a  SHOUT 
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ClflCUIX  Now  nmxlmum  Collector  current 
no\v,  limited  Only  by  tho  value  of  the  load 
resistor  Ohm's  Law  to  And  col- 

lector current. 


CC 


25  volts 
5  k  ohms 


«  5  mA 


Since  all  the  supply  voltage  is  dropped 
across  Al*  collector  voltage  V^^  is  0 
volts,  This  information  allo\vs  us  to  locate 
point  B  in  Figure  3-8  on  the  collector  cur- 
rent (vertical)  axis  at  3  mA,  and  the  col- 
lector voltage  (horizontal)  axis  at  0  volts. 


3-24,  To  complete  the  load  line>  connect 
points  A  and  B  with  a  straight  line.  The 
resulting  line  is  a  LOAD  LING  representing 
all  of  the  possible  collector  voltage  -  col* 
lector  current  relationships  for  the  circuit. 
We  must  no\v  determine  where  on  this  load 
line  the  circuit  is  operating. 


3-25,  Step  2: 
Conditions. 


Establish  the  Static  Orcult 


3-26.  Thi  op^raUng  point  Q  (QUIESC£NT 
point)  represents  tlie  STATIC  or  no  Input 
signal  condlUon  for  the  circuit.  The  operating 
point  on  tho  load  line  will  show  the  col- 
lector voltage  and  collector  current  for  this 
static  condition. 

3-27.  To  iind  tl:e  operating  point,  the  base 
current  must  be  determined.  Base  current 
(Ib)  flows  throuSh  the  base  to  emitter 
resistance  and  the  forwardblas  resistor 
(Hjd).  The  total  resistance  In  the  tMise 
current  path  Is  then: 


«T  ^  ^BE  * 


a    ^  3  k  ohms  +  24?  k  ohms  =  250  k  ohms. 
T 

The  applied  voltage  is  25  volts  (V^^^^)^  No\w 
use  Ohm's  Law  to  find  the  base  current: 


3-26,  The  operating  point  Is  located  \vhero 
the  Ig  a  100  mA  curve  crosses  the  load  line, 
as  sho\vn  In  Figure  3^9,  and  is  labeled  Q. 
NOv'f  the  static  collector  voltage  and  current 
can  be  read  from  the  graph.  The  collector 
voltage  at  the  operating  point  is  12.5  volts 
(read  from  the  horizontal  axis),  and  the 
collector  current  is  2.5  mA  (read  from  the 
vertical  axis). 

3-29.  The  emitter  current  Is  equal  to  the 
base  Current  plus  the  collector  current. 
Therefore,  I^;  is: 


I. 


B  C 


^100  mA  +  2.5  mA  =  2,6  mA 


3-30.  This  completes  the  analysis  of  the 
circuit  in  the  static  (no  signal)  condition, 
Ne3ctf  the  effect  of  the  Input  signal  on  the 
circuit  will  be  discussed. 

3-31.    Step  3:  Apply  the  Input  Signal. 

3-32.  Figure  3-10  illustrates  the  effect  of 
the  Input  signal  on  the  base  current  of  the 
transistor.  Figure  3-lOA  shows  the  base 
current  at  the  operating  point  Q.  The  input 
signal  is  Illustrated  in  Figure  3*10B.  Notice 
that  the  positive  alternation  of  the  Input 
signal  win  Increase  base  current.  Figure 
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Figure  3-9.  Load  Line  for  2N118  Transistor 
(Common  Emitter  Configuration) 
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Figure  3-ia  Effect  of  Input  Signal 


3-lOC*  On  the  negative  alternation^  the  input 
signal  will  decrease  base  current.  Notice 
the  resulting  base  current  in  the  translator 
now  variesi  from  75       to  125  pA,  instep 
with  the  input  signal. 

3-33.  At  the  peak  of  the  positive  alternation 
of  the  Inputf  the  base  current  is  125  pAtnp. 
At  this  instant,  the  circuit  will  ^  operating 


where  the  Ig  =  125  ^A  curve  crosses  the 
load  line  (point  C  in  Figure  3-11)*  Thi 
instantaneous  operating  point  moves  up  along 
the  load  line  to  point  C  as  the  base  current 
increasesi  then  back  down^  as  base  current 
decreases,  to  the  static  operating  point  Q. 

3-34.  As  the  base  current  continues  to 
decrease  (due  to  the  negative  alternation  of 


7.5  10  12.5       17.520  *0 

Vc-^OILECTOR  VOlTAOI*VOlTS 

Figure  3-11.  Common  Emitter  Characteristics 
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Figure  3-L2«  Effect  of  Input  Signal 


the  input)^  the  Instantaneous  operating  point 
movea  down  along  the  load  Line  to  point  D 
(Figure  3^LL)«  At  point  D  the  base  current 
reaches  its  mlnimuni  value  of  75  jLiA;  then 
moves  back  up  the  curve  again  to  the  static 
operating  point  Q  (Ib  -  LOO  mA)«  The  total 
change  In  base  current,  which  Is  called 
AIb,   Ifl  50  MA  (125  /ii*-  -  75  jLi-^=50MA)* 

3*35«  The  change  In  base  current  (AIb) 
through  the  base-emitter  junction  resistance 
{Rb£)  will  produce  a  corresponding  change 
in  base-emitter  voltage  {  AVbq)« 

3-36«      In  tills  circuity  the  change  in  base 
current  (given  as  the  input  signal)  is  50MA 
p-p«  The  value  of  R^^  is  3  k  ohms«  Using 
the  formula: 

=  50    A  p-p  X  3  k  ohms  •  0*  15v  p-p 

3-37«  The  effect  of  the  input  signalonbase- 
emitter  voltage  is  illustrated  in  Figure  3-12« 


In  Figure  3*12A^  the  value  of  V^^  at  the 
operating  point  Q  is  shown  as  0.3  volt« 
Figure  3-126  shows  the  resulting  VpE  when 
the  input  signal  is  applied, 

Notice  that  the  base-emitter  voltage  changes 
in  response  to  the  input  signal*  In  the  ne^ct 
stept  we  will  determine  the  effect  ofthe  input 
signal  on  the  collector  circuit* 


3-38*  Step  4: 
Change* 


Determine  Output  Qirrent 


3-36*  Figure  3-11  illustrates  the  effect  of 
the  input  signal  on  the  output  current  (Iq)* 
At  the  operating  point  note  that  the  I^ 
is  2*5  mA*  This  is  found  hf  drawing  a 
line  parallel  to  the  horizontal  axis  at  the 
operating  point  (Q)«  This  line  will  cross 
the  vertical  axis  (I^)  at  the  2*5  mA  level* 
At  the  peak  of  the  positive  alternation  of  the 
input  signal^  the  base  current  is  increased 
to  125  jLiA,  located  on  the  load  line  at  point 
C*  The  coilBctor  current  at  point  C  is  3*5 
mA*  At  the  peak  of  the  negative  alternation^ 
Iq  decreases  to  75  jLiA^  located  on  the  load 
line  at  point  D*  The  decrease  in  Iq  will 


391 


cuiKse  to  ducrciKSu  to  L5  mA,  The  total 
clun^c  i[t  Ic      culLud  A^c  oquaL  to 

2  mA  (3.5  mA  -  1,5  nxA  -  7  mAJ 


3-40*  Step  5: 
Change. 


Detormino  Output  VoltaKe 


3-41.  Figure  3-11  also  Ulustratesthe  effect 
of  the  input  signal  on  tho  output  voltage 
(Vc).  At  the  operating  point,  the  static  VC 
can  be  found  by  dropping  a  line  from  the 
operating  point  perpendicular  to  the  hori- 
zontal axis.  This  line  crosses  Vq  at  12,5 
volts.  At  the  peak  of  the  positive  alternation 
of  the  input  signal,  the  base  current  increases 
to  125  MA,  located  on  the  load  line  at  point 
C.  A  line  dropped  from  point  C  would  indi- 
cate a  decrease  in  collector  to  emitter 
voltage  from  12,5  volts  to  7,5  volts.  At  the 
peak  of  the  negative  alternation  of  the  input 
signal,  decreases  to  75  fj.^  (point  D) 
and  the  collector  to  emitter  voUage  would 
increase  to  17,5  volts.  The  total  change  In 
collector  to  emitter  voltage  is  called  AVq 
and  is  equal  to  10  volts  (17.5v-7.5v  =  10  volts). 
From  your  analysts  of  the  effects  of  the  input 
signal  Or  transistor  operation,  this  important 
fact  should  now  be  more  evident.  As  Ig 
increases,  1^  Increases,  and  decreases. 

3-42.  Step  6:  Determine  Current  Gain. 

3-43»  The  gain  of  ^-.y  device  Is  the  ratloof 
tha  output  to  the  input.  Expressed  as  a 
output 
input 

earlier  that  we  can  use  the  load  line  to 
calculate  the  current,  voltage  and  power 
gains  In  an  amplifier.  The  changes  In  an 
amplifier's  output,  divided  by  it's  input 
changes,  will  give  us  the  gain.  The  units 
used  for  this  division  must  be  the  same. 

3-44,  The  formula  for  current  gain  becomes; 
Current  Gain  =  ^"tput  current  change  _ 

input  current  change 
current  gain  under  operating  conditions  Is 
called  CURRENT  GAIN  (Ai),  The  A  standsfor 
gain  and  the  subscript  "1"  stands  for  current. 
The  total  output  current  change  (  Ale)  1^  the 
circuit  We  have  been  discussing  is  2  mA 
(Refer  to  Figure  3-11  and  Step  4).  The  total 
input  current  change  (Alfi)      SOjjA  (Refer 


formula:  Gain 


We  stated 


to  Figure  3-10  and  Stop  3),  Wo  conicjit 
tsicti  of  these  changes  to  tho  a*imo  unltH, 
cither  niA  or  mlcroamps,  and  udq  tho 
formula: 


B 


2QQ0  MA 
50  mA 


40 


This  means  that  the  output  current  changes 
are  40  times  greater  than  the  Input  current 
changes. 

3-45.    Step  7:    Determine  Voltage  Gain. 

3-46.  The  VOLTAGE  GAIN  (Av)of  anampli- 
fler  may  be  determlnedinthe  same  manner  as 
the  current  gain  (Ai)  using  thd  formula: 


Voltage  Gain  (Av) 


Output  voltage  changes 
Input  voltage  change? 


The  total  output  voltage  change  (  AVq)  we 
found  to  be  10  volts.  (Refer  to  Figure  3-11 
and  Step  5).  The  total  Input  voltage  change 
(  AVbe)  is  ,15  volts,  (Refer  to  Figure  3-12B 
and  Step  3).  The  voltage  gain  is; 


Av  = 


AV 


BE 


10  volts 
.15  volts 


=  66.6 


Observe  that  gain  is  not  expressed  in  units 
such  as  volts,  amperes^orwatts.Galnslmply 
means  that  the  output  is  that  many  times 
greater  than  the  input. 

3-47.    Step  8:  Determine  Power  Gain. 

3-48,  The  power  gain  (Ap)  of  an  ampimer 
can  be  determined  by  multiplying  the  current 
gain  by  the  voltage  gain.  The  power  gain  for 
the  amplifier  we  are  discussing  is; 

A   »  Ai  X  Av  =  40  X  66,6  =  2666 
P 

3*49,  Power  gain  may  also  be  determined 
by  the  ratio  of  output  signal  power  to  Input 
signal  power.  Signal  power  is  current  change 
times  the  voltage  change,  Ttie  input  signal 
power  Is: 

=  50  /iA  X  0.16  volts  »  7.5  microwatts 
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Figure  3-13.  Common  Emitter  Amplifier 


The  output  signal  power  Is: 

Po  *  AI^.  X  AV^ 

=  2mA  X  to  volts  »  20  milliwatts* 

Therefore^  the  power  gain  of  the  amplifier 
la  found  by  using  the  formula: 


A,. 30x10  watts^^,,, 
^     7.5  X  10'^  wattfl 


NoUca  thAt  this  Is  the  same  as  the  power 
gain  calculated  earlier. 

3-50*  Figure  3-12C  shows  a  summary  of 
the  previous  problem*  The  Input  signal  is 
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pruJrctfMt  onto  the  load  Une^  showing  the 
rL*.suUinK  clKui^e  in  ty  from  point  B  to  d 
Tlicsc  points  arc  projected  to  tho  vertical 
AxiSf  sliowin^f  the  change  tn  \q>  Thoso  polnt:^ 
aro  also  projected  down  to  the  horizontal 
axlSf  giving  U3  the  change  In  V^,  Following 
the  points  TO,  T1,  T2,  T3,  and  T4  on  the 
3  sets  of  projected  lines  will  show  the  rela- 
tionship between  Input  current,  output  current^ 
and  output  voltage.  As  the  Input  current 
increases  from  TO  to  Tl^  output  current 
increases,  and  output  voltage  decreases. 
Thus^  input  and  output  signal  VOLTAGES 
are  180*  out  of  phase.  This  180*  PHASE- 
SHIFT  or  PHASE  INVERSION  is  a  character- 
istic of  the  common  emitter  corifiguratlon 
ONLY. 

3-5t.  Notice  that  the  common  emitter  con- 
figuration develops  a  current  gain  (Al)  and 
a  voltage  gain  (Av),  Many  factors  govern 
the  current  and  voltage  gain  of  an  ampU* 
fien  Some  of  these  factors  are  the  type  of 
transistor  and  Its  characteristics^  the  amount 
of  voltage  applied  to  the  circuit  (V^^), 
and  the  size  of  the  collector  load  resistor 
Rl*  The  latter  is  the  most  important  and 
useful  to  you  as  a  technician,  Figure  3-13 
shows  the  same  circuit  as  we  studied  before 
except  that  the  value  of  Rl  has  been  reduced 
from  5  k  ohms  to  4,2  k  ohms,  To  find  out 
what  effect  this  change  will  have  on  circuit 
performance,  we  must  construct  a  new  load 
line  following  the  steps  previously  outlined. 

3-52.    Step  1:   Plot  the  Load  Line, 

Transistor  OPEN: 


CC 


25  V  when      «  0  mA  (Point  A) 


Transistor  SHORT: 

6mA  when        =  0  v  (Point  B) 


Join  points  with  straight  line, 

3-53,  Step  2:  Establish  Static  Qrcult 
Conditions, 

R^  =  +  f*rv=  3  K  +  247  K=  250  k  ohms 

T       BE  D 


CC 


B  R„ 


100  M  A 


Point  Q  (opcnititij^  [nhnt)  its  ioc.its-t!  w^i^>;M: 
^   100        curve  and  load  line  croas. 
find  that  at  thtj  operating  point: 

14.4  volts  :uid  I^^  '  2,5  niA 

3-54.    Step   3;      Apply   the   Input  Signal. 

The  change  In  base  current  is; 

A  Id  '  50  M  Ap-p  (given) 

This  will  cause  the  base  current  to  go  from 
a  maximum  of  125  mA  (Point  C)  to  a  minimum 
of  75  juA  (Point  D).  The  change  In  base^ 
emitter  voltage  is; 

AVgE  t=  Alg  X  Hgg,  =  50  mA  x3K  ohms=» 

0,15  volt  p-p 

3-55,    Step  4:     Determine  Output  Current 
Change, 

lilp  =  3,6  mA  -  L5  mA    2,1  mA  p-p 
(read  from  graph,  Figure  3-13) 

3-56.    Step  5:     Determine  Output  Voltage 
Change, 

::^Vq  -  I8,5v  •  10,5v  =  8  volts  p-p 
(read  from  graph,  Figure  3-13) 

3-57,    Step   6:     Determine  Current  Gain, 

Al  -  2,1  mA  p-^p  _ 

^^ll  "    0.05  mA  p-p 

Nottce   that  when  the  load  resistance  Rl 
reduced,  the  current  gain  INCREASES, 

3-58-    Step   7:      Determine  Voltage  Gain, 

'      ^^BE   '        ^'^^  volts  p-p  ^^'^ 

Note  that  making  the  load  resistor  Ri, 
smaller  REDUCES  the  voltage  gain  of  the 
amplifier, 

3-5fi,    Step  8:  Determine  Power  Gain. 
Ap  =  Ai  X  Av  =  42  X  53,3  =  2238 
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C«    aimpllfltd  Input  Clrouii  AC  fiqmtml^nt  Circuit 


E.    ?KP  CE  Ajnpllflsr  F*    A]t«ni4t»  Circuit  {PNP) 


Fl^re  3'L4*  Common  Emitter  ConflguratloiiB 


NOTE:  The  power  gain  for  this  example 
DECREASED  as  was  reduced.  Do  not 
be  misled  into  beLlevlng  that  this  wUI  always 
occur*  Tower  gain  Is  dependent onlmpedance 
matching!  and  will  be  majdmum  when  th«» 
Value  of  is  such  that  It  matches  the 
characteristic  impedance  of  the  transistor* 
Increases  or  decreases  In  this  value  of  Et 
will  result  In  a  reduced  power  gain  (ApJ^ 


For  this  reason,  the  slope  of  the  load  line 
cannot  be  used  to  determine  the  effect  of 
changes  In      on  Ap* 

3-60.  SOj  as  the  size  of  the  collector  load 
resistor  decreases,  current  gain  (Al ) 
Increases^  and  voltage  gain  <Av)  decreases* 
Likewise^  when  Bl  made  larger^  Av 
increases  and  Al  decreases* 
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3-01,  It  Is  (loi  always  nocoasary  to  tiavc  a 
^^CC  tranfllstors  and  a  -V^c 

for  PNP  transistors*  Figure  3-14  showff 
alternate  methods  of  connecting  the  common 
emitter  configuration*  Figure  3-14B  shows 
how  an  NPN  transistor  can  be  connected 
when  only  a  negative  power  source  voltage 
(-•Vgg)  Is  available*  The  Input  and  output 
signal  connections  Identify  this  circuit  aa  a 
common  emitter  configuration,  DC  current 
flow  Is  still  from  negative  to  positive;  that 
-Vee»  through  the  transistor,  to  ground. 

3-62.  Figure  3-14C  shows  the  simplified 
Input  circuit  of  Figure  3-14B.  The  coupling 
capacitor  C^^^  acts  as  an  AC  short  circuit 
(low  reactance)^  and  couples  the  Input  signal 
to  the  base  of  the  transistor*  Capacitor  C£ 
Is  called  a  BYPASSor  DECOUPLING  capacitor 
and  acts  as  an  AC  short  circuit.  This  places 
the  emitter  at  ground  as  far  as  the  Input 
AC  signal  Is  concerned.  Figure  3*14D  shows 
that  the  input  signal  Is  therefore  developed 
across  the  base-emitter  Junction.  This  same 
technique  can  be  applied  to  the  PNP  C^ 
amplifier  (Figure  3-I4C)  to  operate  the 
transistor  from  a  positive  power  source 
(+V_p)  as  shown  In  Figure  3-14F. 

3-63*  The  commonemltteramplifleris  often 
used  because  it  is  capable  of  producing  cur- 
rent, voltage,  and  power  gains*  Decreasing 
the  load  resistor  Rl  causes  A^  to  increase 
and  Ay  to  decrease^  and  vice  versa*  The 
input  and  output  signals  for  the  common 
emitter  amplifier  are  ISO"  out  of  phase* 

3*64.    Common  Base  Amplifier 


3-^65*  A  common  bafjc  amplifier  coufli^ura-* 
tion  is  shown  in  Figure  3-15*  Notice  th:\\  the 
input  signal  is  applied  between  the  emitter 
and  base,  and  the  output  signal  Is  taken 
between  the  collector  and  base.  Tlie  bai*c  is 
the  element  which  Is  common  to  both  the 
input  and  output*  Forward  bias  for  the 
cmittcr*-base  Junction  Is  provided  by  the 
emitter  supply  voltage  (Vpci)^  resistor  ftg, 
and  RgE'  '^^^  positive  alternation  of  the 
Input  signal  applied  to  the  emitter  of  the  NPN 
transistor  In  Figure  3-15A  decreasesforward 
bias  and  causes  emitter  current  to  decrease. 
A  decrease  In  emitter  current  results  in  a 
decrease  In  collector  current.  A  decrease  In 
IC  causes  collector  voltage  (V(;)  to  become 
more  positive.  The  collector  waveform  Is  an 
amplified  reproduction  of  the  positive  Input 
alternation.  Therefore^  there  Is  no  phase 
shift  In  a  common  base  circuit. 

3-66.  The  negative  alternation  of  the  Input 
signal  adds  to  the  forward  bias  and  %  will 
Increase*  Collector  current  will  Increase 
causing  collector  voltage  to  decrease*  Notice 
the  output  voltage  Isgolnglnanegatlvedlrec*- 
tlon  as  the  Input  signal  goes  negative. 

3-67.  Flg'Jre  3-15B  Illustrates  the  common 
base  amplifier  employing  a  PNP  transistor. 
Note  that  V££  and  Vqq  are  Opposite  In 
polarity  to  that  of  the  NPN  In  Figure  3-17A, 

3-684  The  positive  alternation  will  addto  the 
forward  bias  by  making  the  "P"  type  emitter 
more  positive.  and  l^;  will  increase, 
causing  Vq  to  go  In  a  positive  direction. 
Note  the  output  waveform  decreasing  toward 
zero  volts  In  Figure  3-15B, 


Figure  3*15.  Common  Base  Configuration 
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Figure  3<-16«  Load  Line  for  2K117  Transistor  (Common  Base  Configuration) 


3'69*  On  the  negative  alternation  of  the 
Input  8lgnal|  Ig  and  I^^  will  decrease  due 
to  the  decrease  in  bias*  Collector  voltage 
will  become  more  negative.  Note  that  input 
and  output  signal  voltages  are  in  phase  in 
the  common  base  ampUfien 

3-70.    Figure  3-16  Illustrates  the  common, 
base  ampllller  circuit  and  Its  characteristic 
curves*  We  will  now  demonstrate  the  use  of 
load  line  analysis  on  the  common  base 
circuit. 

3-7L    Step  1;  Hot  the  Load  Line. 


current  Is  controlled  by  the  values  of  R^t 


EE 

E  BE 


t  volt 


2  mA 


The  operating  point  (Q)  is  at  the  junction 
of  the  If;  =  2  mA  curve  and  the  load  line. 
At  the  operating  pointy  the  static  collector 
to  base  voltage  V^^q  Is  12«5  volts  and  the 
static  collector  current        is  1*95  mA. 

3-75.    Step  3;  Apply  the  Input  Signal. 


ERJC 


3-72.  With  a  Vqq  of  20  volts  and  a  load 
resistor  of  4  k  ohmS|  the  amplifier's  load 
line  esctends  from  point  A  (0  mA*  20  volts) 
for  an  open  transistor  to  point  B  (5  mA* 
0  volts)  for  a  shorted  transistor. 

NOTE:  The  emitter  resistor  He  has  been 
disregarded  In  figuring  maximum  current  of 
5  mA.  This  is  due  to  the  fact  that  the 
resistance  of  R£  is  less  than  one  tenth 


3-73.  Step  2: 
Conditions. 


Establish  the  StaUc  Qrcult 


3-74.  The  controlling  element  in  a  common 
base  configuration  is  the  emitter.  Emitter 


3-76.  The  positive  alternation  of  the  2  mA 
p-p  signal  will  oppose  emitter  current  and 
Ig  will  decrease  to  1  mA  (point  C  of  Figure 
3-16).  With  a  decrease  in  Ig,  collector 
current  decreases  to  1  mA  and  collector 
voltage  increases  to  16.25  voltst 

3-77.  During  thA  negative  altematloni  bias 
current  (Ig)  increase  to  3  mA  at  point 
D  on  the  load  line.  I^^  increases  to  2.9 
mA  and  V^g  decreases  to  8.5  volts. 

3-78.  Step  4;  Determine  Output  Oirrent 
Change. 

3-79.  The  change  in  collector  (output)  cur- 
rent can  be  read  from  the  vertical  axis  of 
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Figure  3-17.  Load  Line  for  2N117  Transistor  (Common  Base  Configuration) 


the  characteristic  curves.  At  point  C,  col- 
lector current  is  I  mA;  at  point  D,  Ic  is 
2.9  mA.  The  change  in  collector  current  is 
then; 

Al^  s  2.9  mA  -  1  mA  =  1.9  mA 

3-80.  Step  5:  Determine  Output  Voltage 
Change. 

3-8L  The  change  tn  collector  to  base  (out- 
put) voltage  can  be  read  from  the  horizontal 
axis.  At  point  C,  is  16.25  volts;  at 
point  D,  V^g  is  8.5  volts.  The  change  In 
collector  to  base  voltage  is: 

V^g  '  16,25  V  -  8.5v  =  7,75  volts 

3-82.    Step  G;  Determine  Current  Gain. 

3-83.  The  current  gain  (Ai)  for  the  common 
base  ampliiier  is: 


Ai 


The  peak  -to  -peak  output  current  (  A  Iq 
is  2,9  mA  minus  1  mA  or  1.9  mA. 

The  peak-to-peak  input  current  is  2  mA. 
Substituting  these  values  into  the  formula^ 
Ai  Is  equal  to  0.95. 


Ai  = 


A", 


1.9  niA 
2  mA 


=  0.95 


NOTE;  This  represents  a  current  gain  of 
less  than  one. 

3-84.  Step  7:  Determine  the  Voltage  Gain. 
3-85.    The  voltage  gain  formula  is: 


Av 


CB 


AV 


BE 


It  is  the  ratio  of  change  in  output  voltage 
to  a  change  in  input  voltage.  The  AV^g  is 
7.75  volts  (refer  to  Figure  3-18).  The  Input 
voltage  (  AVb£)  is: 

iVg£   "   Peak-to-Peak  Signal  Current  x 

Multiplying  the  Input  signal  change  tFjr  the 
base -emitter  resistance  results  in  an  input 
signal  voltage  of  0.35  volts. 


BE 


i2  A  10"^  X  175n  =  0.35  volts, 


the  voltage  gain  is: 


Av 


CB 
BE 


7.75  volts 
0.35  volts 


22.1 


The  output  signal  voltage  Is  22.1  times 
larger  than  the  Input  signal  voltage. 

3-86.    Step  8.  Determine  Power  Gain. 
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3*87^    The  power  gain  for  the  commonbaso, 

Like  that  of  the  common  emitter,    can  bo 

calculated  by  one  of  two  methods: 

A      Ai  ^  A       ^   A      output  power 

Ap  =<  Al  X  Av     Or  Ap  a  - — =t— ^-  

^  Input  power 

Ap  3  ^QS  (Al)  X  22A  (Av)  -  21 

3*88.  The  gain  of  the  commonbaae  conHgu- 
ration  depends  on  many  factors,  as  with  the 
common  emitter*  One  main  factor  Is  the  size 
of  the  collector  load  resistor*  Because  the 
current  gain  of  a  common  base  amplifier  is 
less  than  one,  the  circuit  Is  not  used  as  a 
current  amplifier*  The  circuit  Is  usually  used 
for  a  large  voltage  gain.  Figure  3*17  Illus- 
trates the  effect  on  voltage  and  current  gain 
when  the  collector  load  resistor  is  Increased 
In  size* 

3-89*  With  a  8*66  Ic  ohms  resistor  in  the 
collector,  the  load  line  esctends  from  20V 
and  0  mA  (point  A)  to  OV  and  3  mA  (point  B)* 
With  the  same  amount  of  bias  as  before,  the 
operating  point  will  be  at  point  Q*  The  input 
signal  is  still  2  mA  peak-to^peak,  so  emitter 


current  moves  between  points  C  and  D 
during  operation* 

3*Q0«  Collector  current  will  vary  from  1  mA 
to  2«8  mA,  The  current  gain  is  now  0.9. 
Observe  that  current  gain  decreases  as  the 
size  of  the  collector  load  resistor  increases* 

3-91*  Collector  voltage  varies  t>etweenl3*2 
volts  and  1  volt*  The  input  voltage  is  the 
same  as  tMfore  (*3S  volts)  eo  the  voltage 
gain  is  now  34*7*  This  repreaentsan increase 
in  voltage  gain  with  the  increase  in  collector 
load  resistance*  The  power  gain  (Ap)of  the 
common  base  amplifier  is  dependent 
on  impedance  matching,  and  will  t>e  maximum 
when  the  characteristic  impedance  of  the 
transistor  10  equal  in  value  to  R]^.  Changes 
in  the  resistance  of  above  ortMlow  this 
optimum  value  will  result  in  a  decreased 
power  gain. 

3*92*  As  with  the  common  emitter,  the 
common  base  configuration  may  appear  in 
different  arrangements*  Figure  3-18  shows 
some  typical  examples^  Fart  A  shows  a 
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Fl^re  3-19.  Common  Collector  Cbnfisuratlon 


common  base  using  a  npn  transistor.  Note 
that  Vee  (emitter  bias  supply  voltage)  has 
twen  eliminated.  ELas  Is  now  provided  by 
connected  to  the  base.  Because  of  this 
arrangement^  Cg  must  be  used  to  place  the 
base  lead  at  AC  ground.  Figure  3-16E  Is 
Figure  3-16A  redrawn. 

3-93.  Figures 3-16CandDUlustrate  common- 
base  drawings  for  PNP  transistors.  Ro 
furnishes  the  forward  bias^  Re  10  the  emitter 
resistor,  R^  la  the  collector  load  resistor, 
and  Cg  IS  the  base  by-paas  capacitor.  Tt.  ^ 
tvase  current  path  is  shown  as  a  solid  line 
while  the  collector  current  path  Is  shown  as 
a  dashed  line. 

3-94.    Common  Collector  Amplifier. 

3-95.  The  third  configuration  In  which  we 
employ  the  NPN  and  PNP  transistor  as  an 
amplifier  is  the  common  collector.  Like  the 
common  emitter  and  common  base  configura- 
tions previously  discussed,  the  common  col- 
lector (Cc)  certain ldentl£lat>leandusefUl 
characteristics,  such  a^  a  relatively  high 
current  gain. 

3-96.  The  common  collector  10  also  called 
an  EMITTER  FOLLOWER.  In  Figure  3*19^ 
the  collector  is  placed  at  AC  GROUND  or 
made  common  to  both  the  input  and  output 
signals  fay  the  large  by-pass  capacitor,  Cf . 

3-97.  In  Figure  3-19,  the  Input  signal  is 
applied  between  the  base  and  ground.  The 
output  signal  is  developed betweenthe  emitter 


and  ground,  Tlius,  the  collector  (ACgroand), 
IS  common  to  both  the  input  and  output. 
Note  the  output  signal  is  developed  across 
the  emitter  resistor  (Re)  which  Is  the  load 
resistor.  Cq  is  the  Input  coupling  capacitor 
and  Rq  provides  forward  bias  for  the 
transistor. 


3-96.  Let  us  now  discuss  the  effect  of  the 
Input  signal  on  current  through  the  common 
collector  amplifier.  Basically^  anthe positive 
alternation  of  a  slnulsoldal  Input  signal  is 
applied  to  the  base  of  the  NPN  transistor 
In  Figure  3-19Ap  an  Increase  In  tjaae  and 
emitter  current  occurs  (forward  bias 
Increases).  The  increase  in  current  through 
the  emitter  resistor  (Re^  causes  a  corres- 
ponding Increase  In  voltage  across  Re<  In 
other  words,  Ve  (output  signal)  goes  more 
positive  with  respect  to  ground.  The  negative 
alternation  of  the  Input  signal  causes  base 
and  emitter  current  to  decrease^  thus  causing 
a  corresponding  decrease  in  output  signal. 
Therefore,  It  can  be  seen  from  Figure 3-19A 
that  the  output  signal  voltage^  developed 
across  REt  controlled  try  a  change  in 
Input  signal^  and  the  two  signals  are  IN- 
PHASE. 

3-99.  The  circuit  op6rationofFigure3-19Ep 
using  a  PNP  transistor,  follows  the  operation 
of  Figure  3-19A.  The  positive  alternation  of 
the  Input  signal,  applied  to  the  base  of  the 
PNP  transistor,  causes  base  current  to 
decrease  (less  forward  bias).  Therafbre, 
emitter  current  decreases,  the  negative 
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Figure  3-20,  Voltage  Gain  ^  Common  Collector 


voltage  across  fl£  decreases,  and  the  outpr^. 
voltage  goes  in  a  positive  (less  negative) 
direction. 

3^100.  The  negative  alternation  of  the  input 
signal  causes  base  current  to  Increase. 
Th<:refore,  l£  increases  and  the  voltage  drop 
across  fl£  increases.  The  output  voltage 
goes  In  a  negative  direction. 

3-lOL  Another  important  characteristic  of 
the  common  collector  amplifier  is  the  cur- 
rent gain.  You  recall  from  previous  discus- 
sions on  current  gain  in  the  three  basic 
confl^rations^  to  calculate  the  gain  of  a 
common  collector  amplifier  (Gamma},  add  the 
numerical  value  "1"  to  the  current  gain  of 
the  common  emitter  amplifier  (Beta).  Beta<t> 
1  =  Gamma.  Of  the  three  configurations, 
the  common  collector  has  the  highest  current 
gain  and  for  this  reason  is  often  used  as  a 
CUflflENT  AMPLIFIER. 

3"102.  In  terms  of  vdtage  gain,  thecommon 
collector  provides  a  gain  of  less  than  one. 
That  is,  the  output  voltage  is  SMALLER  than 
the  input  voltage.  This  can  best  be  explained 
by  referring  to  Figure  3-20,^  As  you  recall, 
the  output  signal  is  developed  across  the 
emitter  resistor  jvhile  the  input  signal 
is  applied  across'both  and  Rl  inseries. 
The  effective  input  voltage  (base  to  emitter 
voltage)  is  the  input  voltage  (V^q)  minus 


the  output  voltage  (Vq^j).  As  the  gain 
approaches  one  the  effective  input  voltage 
approaches  zero.  Thus,  the  voltage  gain  of  a 
common  collector  amplifier  Is  always  less 
than  one,  and  is  not  normally  used  as  a 
voltage  amplifier.  As  with  the  common  emitter 
and  common  base  amplifiers,  the  power  gain 
of  the  common coUectorampUfierls  dependent 
on  impedance  matching. 

3-103.  Since  the  input  signal  is  applied  to 
the  base  in  a  common  coUectorconfiguratlon 
and  the  output  is  taken  across  the  emitter 
resistor,  this  causes  both  control  elements 
(base  and  emitter)  to  feel  a  signal  at  the  same 
time.  Ab  the  voltage  on  the  base  goes  in  a 
positive  direction,  the  voltage  on  the  emitter 
goes  in  a  positive  direction.  Likewise,  as 
the  voltage  on  the  base  goes  in  a  negative 
direction,  the  voltage  on  the  emitter  goes 
in  a  negative  direction. 

3-104.  This  action  is  referred  to  as  DE-* 
GENERATION.  DEGENERATION  is  defined 
as  the  process  of  returning  a  part  of  the 
output  of  an  amplifier  bacK  to  its  input  in 
such  a  manner  that  it  cancels  part  of  the 
input  signal. 

3-105.  Figure  3-20  Illustrates  what  this 
means.  An  input  signal  of  one  volt  peak^ 
to-peak  is  applied  at  the  input  terminals 
and  developed  across  the  resistance  of  the 
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bitdo-oniltter  Junction  (nB£)  and  the  emitter 
resistor  (HlX  Part  of  the  ltq)ut  signal  would 
be  developed  across  andpsirt across  Bl, 
'«Vlth  respect  to  controlling  the  emitter  cur- 
rentf  the  transistor  would ''feel"  and  respond 
to  the  voltage  across  the  base-euiltter  Junction 
only,  part  of  the  ltq)ut  signal  to  the  amplifier 
has  been  tost,  or  cancelled.  Befer  backtothe 
definition  of  degeneration.  Degeneration  is 
present  because  both  control  elements  of  the 
transistor  (base  and  emitter)  has  a  signal 
on  them.  The  signal  voltage  on  the  emitter 
Is  In  phase  with  and,  therefore,  cancels  part 
of  the  signal  voltage  applied  to  the  base. 
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A.  Amplifier  Circuit 


3-106.  One  disadvantage  of  DEGENERATION 
which  should  be  obvious  at  this  timSp  Is  the 
reduction  In  signal  voltage  or  gain  in  the 
output  of  the  amplifier.  However^  there  are 
advantages  inuslngD£GENEBATION,suchas 
greater  amplifier  stability^  and  an  increase 
in  frequency  response.  These  advantages  will 
be  discussed  in  a  later  chapter  in  more 
detail. 

3-107.  Stabilization* 

3^108.  Transistors  are  very  sensitive  to 
temperature  variations.  Heat,  whether  it 
comes  from  current  carriers flowlngthrough 
the  transistor^  or  from  the  environment  In 
which  the  transistor  operatesy  affects  tran- 
sistor Circuit  Operating  characteristics.  The 
process  of  preventing  undeslred  changes 
in  a  transistor  circuit  caused  by  heat  is 
called  TEMPERATURE  STABILIZATION. 

3*109.  In  order  to  understand  the  operation 
of  the  various  stabilization  circuits^  the 
effects  of  temperature  on  the  transistor  must 
first  be  examined  in  more  detaU.  The  circuit 
of  Figure  3-2  lA  will  be  used  to  illustrate 
the  temperature  effects.  Figure  3-21Bshows 
the  characteristic  curves forQl  at 25  degrees 
Centigrade  (about  room temperature)with the 
load  line  for  the  circuit  of  Figure  3-21A. 
The  operating  point  has  been  established 
so  that  collector  current  (I^^  )  Is  1  mA, 
and  collector  voltage  (V^)  is  10  volts. 
We  would  like  to  maintain  the  value  of 
Iq  constant  over  a  wide  range  In  tempera- 
ture, as  indicated  in  Figure  3-22A. 


2  mk 


1  mk 


B.  Operating  at  25""  C 


3  V        10  V  20  V 


C.  operating  at  65*  C 


Figure  3-21,     Effects  of  Temperature  on 
Transistor  Operation 

3-110.  ngure  3-21C  shows  what  happens 
to  the  characteristic  curves  when  the  tran- 
sistor is  operated  at  a  ten^erature  of 
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65  degrees  Centigrade.  Notice  that  the  curves 
have  changed  due  to  the  Increase  inoperatlng 
temperature.  So  not  oniy  do  the  character- 
istic curves  dependupon  the  t]rpe  of  transistor 
and  circuit  configuration  (as  you  learned 
earlier),  but  also  on  the  operating  tempera- 
ture of  the  transistor  as  well*  The  load  line, 
as  determined  by  the  values  of  Vqq  and  Rl, 
remains  the  same*  We  see  in  Figure  3-21 C 
that  the  operating  point  Q  has  moved  to  the 
saturation  region*  Collector  current  has  in- 
creasedto  l.fl  mA  and  is  now  only  3 
volts.  Since  the  saturation  region  is  nonlinear, 


the  amplifier  will  now  severely  distort  the 
iriput  signal.  The  relationship  between  Iq 
and  temperature  for  this  circuit  Is  shown  in 
Figure  3-22B. 

3*-lll«  As  you  recall,  semiconductor  devices 
have  a  NEGATIVE  temperature  coefficient 
of  resistance.  This  means  that  the  resistance 
of  the  base-emitter  junction  (flg£)  will 
decrease  as  temperature  increases.  The 
lower  resistance  a^II  allow  slightly  more  base 
current  to  flow,  and  therefore  more  col- 
lector current  as  well. 
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3-U2.  Tlio  reverse  biased  coUoctor-baae 
Junction  Is  also  senalUve  to  temperature 
changes.  Recail  that  IcBO  (coH^ctor-base 
reverse  bias  current)  is  due  to  the  flow  of 
minority  current  carriers.  These  minority 
current  carriers  are  prochiced  whencovaLent 
bonds  are  broken.  Heat  provided  the  ener^ 
to  break  covaLent  bonds*  forming  electron- 
hole  pairs.  A  temperature  increase  of  about 
IC^  Centigrade  caused  the  number  of  electron- 
hole  pairs  to  double.  In  the  NPN  transistor, 
for  example*  this  results  In  both  majority 
and  minority  current  carriers  being  created 
In  the  P-type  base  (electrons  are  minority 
carriers  and  holes  majority  carriers  in  P 
material).  The  electrons  will  move  out  ofthe 
base  region,  since  they  will  be  aided  by  the 
strong  CB  Junction  field.  The  holes,  however, 
cannot  leave  the  base*  Therefore,  the  posi- 
tively charged  holes  will  attract  electrons 
from  the  emitter,  increasing  Ig.  A  small 
portion  of  these  additional  electrons  attracted 
from  the  emitter  will  t>ecome  bade  current* 
Most  will  move  on  to  the  collector,  aided 
by  the  strong  CB  junction  field.  Thus,  an 
Increase  in  the  number  of  electron-hole 
pairs,  generated  by  heat,  will  cause  an 
increase  in  collector  current. 

3-113.  We  have  geen  that  an  increase  in 
temperature  inanunstabilizedtransistor  cir- 
cuit will  cause  an  increase  in  collector 
current*  The  increase  in  current  through  the 
transistor  will  cause  the  transistor  to  increase 
in  temperature,  since  power  (P  =  I^H)  in  the 
transistor  is  dissipated  as  heat*  Unlessthese 
effects  are  controlled,  the  transistor  may 
become  excessively  hot  and  be  destroyed. 

3-114.  In  order  to  properly  stabilize  a 
transistor  circuit  for  temperature  variations, 
we  must  compensate  the  circuit  so  that  base 
current  does  not  change  appreciably  as  the 
emitter-base  junction  resistance  varies  with 
temperature.  Also,  the  effects  of  IcfiO  niust 
be  compensated  for  to  keep  the  collector 
current  constant*  In  mostsilicontransistors, 
the  amount  of  IqqqIs  not  important  unless 
the  transistor  will  be  operating  at 
temperatures  above  7o'*C.  This  is  not  true 
for  germanium tra*i.sistors, however, because 
of  their  much  larger  Iqqo  (I  to  10  ^A) 
at  room  temperature.  Compensation  for  Iqqq 


effects  la  nucessary  at  mucli  loworopuratlni^ 
temperatures  (typiciUiy  50*C).  Now  v-.^  will 
discuHs  somo  of  the  variou.s  circuits  duvised 
to  reduce  the  effects  of  temperature  on 
transistor  currents. 

3-115.  Emitter  Resistor  Stabilization 

3-116.  One  of  the  most  commonly  used 
stabilization  circuits  is  shown  in  figure 
3-23A.  An  emitter  resistor  is  placed  in  the 
emitter  circuit.  This  resistor  is  often 
called  a  SWAMPING  resistor,  since  it  reduces 
or  STAMPS  Out  the  effects  of  changes  In 
emitter^base  Junction  resistance.  To  See  how 


B.  Equivalent  C.  Equivalent  Emitter 
Base  Network  Resistor 

Figure  3-23.   Emitter  Resistor  Stabilization 
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Figure  3-24.  Effects  of  Changes  In         on  Unstablllzed  Amplifier 


this  is  accomplished,  examine  the  bias  net^ 
work  and  base  current  path.  Notice  first  that 
all  of  the  current  flowing  into  the  transistor 
(emitter  current^  1e)  niust  flow  through  fig. 
Recalling'  that  l£  is  1^  plus  1^,  we  find  the 
emitter  current  to  be: 

I  +1    ^5mA  +  500  MA  =  5.5  mA 

The  emitter  current  {5.5  mA}flowinffthrough 
p£  (1  k  ohm)  will  produce  a  voltage  drop 
of  5.5  Volts.  We  can  draw  an  equivalent 
diagram  of  the  base  bias  network  as  shown 
in  Figure  replacing  fl^  with  abattery 

that  provides  the  same  emitter  voltage, 
t^eslstors  and  need  only  drop  the 
10  volt  difference  tStween  Vg  and  Vqc* 
The  bias  circuit  can  be  further  simplified 
by  replacing  the  battery  with  an  equivalent 
resistance  (^eQ)  that  will  produce  the  same 
voltage  drop  (Ve)  cltje  the  flow  of  base  cur- 
rent. This  value  of  resistance  is  found  by: 

^E    5.5V        TT  1,  u 
^EQ^TT^oT^mA^^^^^'"^ 

The  bias  circuit  then  becomes  the  circuit 
shown  In  Figure  3-23C,  The  emitter  resistor 
p£  thus  appears,  to  the  base  current,  to  be 
a  much  larger  resistance  (^£q  =  11  k  ohms) 
than  the  1  k  ohm  value  given  on  me  schematic. 
This  will  help  reduce  the  effect  of  emitter- 
base  JuTictlon  resistance  change:*  {caused  by 
temperature  changes)  on  base  current. 


3*117.  To  Illustrate  this  fact,  we  will  com- 
pare the  unstablllzed  transistor  amplifier 
shown  in  Figure  3*24Atothe  emitter  resistor 
stabilized  circultof  Figure  3-25A.  Both  ampli- 
fier circuits  are  biased  for  the  same  base 
current  (Ig  =  500  \its)  and  collector  cur- 
rent (V  =  5  mA)  at  the  operating  point. 
Figure  3*24B  shows  the  base  bias  circuit  for 
the  unstablllzed  amplifier  of  Figure  3*24A. 
Let  us  assume  that  the  emitter'-base  junction 
resistance  decreases  from  1  k  ohm  to  500 
ohms  due  to  an  increase  in  operating  tempera- 
ture. T!ie  approximate  circuit  values  with 
^BE  '  ohms  are  given  in  parenthesis. 
Notice  that  the  base  current  increases  from 
500  micoramperes  to  513  microamperes.  The 
13  microamperes  increase  In  base  current 
is  a  2.6%  increase. 

3*118.  Figure  3*25B  shows  the  bias  circuit 
for  the  circutt  of  Figure  3'25A.  Again, 
assume  AbE  decreases  from  1  k  ohm  to  500 
ohms  due  to  an  increase  in  operating  temp- 
erature. This  will  produce  the  circuit  values 
shown  in  parenthesis.  Now  the  base  current 
only  increases  from  500  microamperes  to 
508  microamperes.  The  8  microampere 
increase  represents  a  change  of  only  1.6%. 
This  Illustrates  how  the  emitter  resistor 
reduces  or  "swamps''  out  any  changes  that 
flB£  might  produce  In  the  circuit. 

3*119.  Remember  ihat  any  change  In  base 
current  will  be  amplified  the  same  as  an 
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Figure  3-25,  Effects  of  Changes  in  H^^  on  stabilized  AmpUfler 


Input  signal.  The  emitter  resistor  stabilized 
circuit  will  therefore  produce  a  smaller  In* 
crease  in  than  the  unstablllzed  circuit  for 
the  same  decrease  In  Hq£, 

3'L20«  The  emitter  resistor  isalaoaffecUVe 
In  reducing  the  effects  ofl^^QO'  He  call  that 
ICBO  adds  to  collector  current,  flO  as  temp- 
erature Increases,  collector  current  will  In- 
crease. Also,  recall  that  the  trapped  holes 
In  the  base  will  draw  electrons  from  the 
emlttar,  so  l£  will  increase  as  well.  The 
Increase  In  l£  will  Increase  the  voltage  drop 
(Vg)  across  He-  '^^^  ^tU  make  the  emitter 
more  positive  and^  decrease  emitter-base 
current  Collector  current  will  be  reduced 
back  toward  its  original  value.  Thus,  the 
emitter  resistor  helps  compensate  for 
changes  In  Icbq* 

3- 121.  Although  the  emitter  swamping 
resistor  does  help  stabilize  the  common 
emitter  amplifier  for  DC  changes  caused  by 
temperature.  It  also  Causes  degeneratlonof  the 
input  signal.  As  you  recall  from  the  dls-> 
cussion  of  the  common  collector  configura- 
tion, the  input  signal  will  be  divided  between 
Rbe  Re.  Since  only  the  signal  felt 
across  Hq£  Is  amplified,  the  gain  of  tbe 
circuit  is  reduced.  The  DC  operating  point 
stability  of  the  emitter  resistor  stabilized 
circuit  can  be  maintained,  without  loss  of 
gain,  by  placing  the  emitter  af  AC  ground. 
This  is  done  by^placing  a  relatively  Large 


Capacitor  C£  across  the  emitter  resistor  <see 
figure  3-26).  This  emitter  "bypass"  capacitor 
allows  the  signal  to  "see'^  ground  on  the 
emitter,  so  ail  of  the  input  signal  wtU  be 
felt  across  the  emitter*base  Junction.  Since 
no  signal  Is  developed  across  Hg,  there  will 
be  no  Loss  of  gain.  The  Value  of  Ce  Is  chosen 
such  that  its  reactance  is  small  compared  to 
HBE  for  the  lowest  signal  frequency  to  be 
amplified.  This  allows  temperature  stabili- 
zation without  degeneration. 

3-122.     Voltage  Divider  Bias  Stabilization 

3-123.  A  Very  common  modification  of  the 
emitter  resistor  stabilization  circuit  Just 


Figure  2-26.     Temperature  stabilization 
Without  Degeneration 
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Figure  3-27.  Voltage  Divider 
Bias  Stabliizatlon 

discussed  Is  shown  in  Figure  3-27.  Notice  the 
addition  of  resistor  HI  between  base  and 
ground.  You  may  recall  that  this  voltage 
divider  (HI  and  Rq)  was  one  of  the  basic 
transistor  bias  circuits  introduced  earlier. 
This  arrangement  provides  additional  stability 
to  the  circuit  for  the  effects  of  Iq^q,  ^ 
holding  the  base  ^o^round  voltage  Vq  more 
constant.   In  this   circuity   PI  provides  a 
current  (Ii)  which  iS  a  large  portion  of  the 
total  current  (Iq)  that  flows  through 
(Iq  =  li  +  ^B^^  Thus,  changes  in  base  cur- 
rent will  not  cause  a  very  large  change  in 
base  voltage  Vg,  Now,  when  1^60  causes  an 
increase  in  I^,  as  was  described  earlier,  the 
Increase  In  emitter  voltage  (V^)will  cause 
a  larger  decrease  in  base-emitter  voltage 
(Vbe)^  cause  a  larger  decrease  in 

Iq,  and  a  corresponding  decrease  in  col- 
lector current,  reducing  Iq  to  a  value  closer 
to  its  original  value. 

3*124.  Self  Bias  StabillzaUon 

3-125.  The  self  bias  arrangement,  shown  in 
Figure  3-2eA,  connects  bias  resistor  Rq 
between  the  base  and  collector  of  the  tran- 
sistor. Resistor  Rpwasprevlously  connected 
directly  to  ^CC  collector  voltage  (V^^) 
now  becomes  the  source  voltage  for  the  base 
bias  network.  When  temperature  causes  an 
increase  in  collector  current,  collector  volt- 
age decreases.  The  decrease  in  causes 
the  voltage  applied  to  the  base  (Vq)  to 
decrease.  A  decrease  in  base  voltage  (V^) 
will  reduce  forward  bias,  reducing  base 
currentp  and  therefore  collector  current  Is 


A.  Basic  Self  Bias  Circuit 


B.  Self  Bias  Without  Degeneration 


C.  Self  Bias  with  Emitter  Resistor 

Figure  3-28.  Self  Bias  Stabilization. 

decreased.  Summarizing  the  total  effect 
using  symbols: 
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In  otUor  words,  ad  Ictonddto  Incroado  duo 
to  tempo raturo  IncroaseSf  the  self  bias 
network  tends  to  cut  back  down 
automatlcaily, 

3-126,  A  cUSAdvantage  of  the  aelf  b*.id 
arrangement  shown  In  Fl^re  3->2BA,  however, 
10  that  tho  amplified  AC  output  signal  on 
the  collector  also  affects  the  base  voltage. 
Since  the  collector  and  base  signals  are  1 BO^ 
out  of  phase,  that  part  of  the  collector  signal 
that  gets  back  to  the  base  through 
cancels  some  of  the  Input  signal.  This  Is 
degeneration,  and  reduces  the  gain  of  the 
amplifier. 

3-127.  To  reduce  this  effect,  the  Mas 
network  Is  modified  as  shown  in  Figure 
3-2BB.  The  bias  resistor  Is  now  split 
Into  two  resistors  and  Pq2  ^^^^ 
to  the  same  resistance  as  Pd*  A  capacitor 
Cp  Is  connected  from  the  Junction  of  Bq| 
and  Pq2  to  ground.  This  arrangement  pro* 
vldes  the  same  DC  temperature  stability  as 
the  previous  circuit.  However,  the  AC  output 
signal  present  on  the  collector  cannot  get 
back  to  the  base,  because  the  reactance  of 
Cp  Is  small,  placing  the  Junction  of  P^^ 
and  Pp2  AC  ground.  Pealstors  P^l  and 
Pq2  capacitor  Cp  form  a  low^pass 

filter  network  which  provides  DC  stabillza-* 
tlon  without  AC  signal  degeneration.  The  self 
bias  network  Is  often  used  wlthan  emitter 
resistor,  as  shown  In  Figure  3<-2BC^  to  pro-> 
vide  even  greater  stabilization  against  the 
effects  of  temperature. 

3-12B.  Thermistor  Stabilization 

3-129*  Another  method  used  to  condensate 
for  the  effects  of  tsmperature  uses 
a  temperature^sensltlve  resistor  called 
a  THEHMISTOP.  The  word  THEPMISTOP 
Is  short  for  thermal  resistor,  Indicating 
that  the  resistance  will  change  with  temp- 
erature. As  used  In  this  example^  It  has  a 
NEGATIVE  temperature  coeffldentof  reslst*- 
ance,  as  does  the  transistor.  That  Is,  Its 
resistance  DECPEASES  as  Its  temperature 
INCPEASES*  The  schematic  symbol  for  the 
thermistor  Is  a  reslstorwitht^  representing 
temperature,  as  shown  In  the  theirmlstor 
stabilized  amplifier  of  Figure  3->29« 


Figure  3->29.     Thermistor  Stabilization 

3-130.  As  temperature  Increases,  collector 
current  starts  to  rise  and  the  resistance  of 
thermistor  PTl  will  decrease.  Asthe  resist- 
ance of  PTl  decreases,  more  current  will 
flow  through  PTl  and  Pq.  The  Increase  In 
current  through  causes  a  greater  voltage 
drop  across  Pq.  The  voltage  drop  across 
PTl  wllltherefor«decr«ase,reduclngforward 
bias  voltage.  Peduclng  forward  bias  voltage 
win  cause  base  current  to  decrease,  thereby 
causing  collector  current  to  decrease  back 
toward  Its  normal  (Ideal)  value. 

3->131.  To  see  the  effectiveness  of  the 
thermistor  as  a  stat^illzatlon component,  refer 
to  figure  3->30.  Curve  X  shows  the  variation 
In  collector  current  for  a  circuit  that  is  not 
stabilised.  Curve  Y  shows  the  variation  In 
for  a  circuit  that  Is  emitter  resistor 
stabilized.  Curve  Z  shows  the  variation  In 
collector  current  for  a  circuit  using 
thermistor     stabilization.     Notice  the 


Figure  3*30.      Collector  Current  versus 
Temperature  (Emitter  Resistor  and 
Thermistor) 
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Figure  3-3L    Forward-Biased  Diode 
Stabilization 

Improvement  In  stability  with  the  circuit 
that  Is  thermistor  stabilized.  This  curve 
approaches  the  IDEAL  CURRENT  reference 
over  a  wider  range  oVemperatures.  However, 
thermistor  stabilization  achieves  the  ideal 
current  value  at  only  three  points  (A,  B 
and  C)|  because  the  thermistor  resistance 
variation  with  temperature  is  not  4^qualtothe 
variation  in  translator  junction  resistances* 
Since  the  material  of  the  thermistor  is  not 
the  same  as  the  transistor,  the  two  resist* 
ances  will  not  react  Identically  to  changes 
in  terrperature* 

3-132*  Forward  Biased  Diode  StabilizaUon 

3*133*  In  order  to  more  closely  follow  the 
resistance  changes  of  the  tranfli^r,  the  ther- 
mistor can  be  replaced  by  a  foward  biased 
diode,  as  flhown  In  Figure  3*31^  Since  the 
diode  and  transistor  are  made  c  ^  the  same 
materlalfl  and  both  have  a  negative  tempera* 
hire  coefficient^  the  diode  will  be  able  to  more 
closely  compensate  the  cirozlt  for  changes  In 
emltter*base  Junction  resistance*  Theopera* 
tion  of  this  drozlt  is  otherwise  the  same  as 
the  thermistor  circuit  Just  discussed, 

3-134*  The  effectiveness  of  this  fonii  of 
circuit  stabilization  is  shown  in  Figure 
3-32*  Notice  on  Oirve  B  that,  for  temp* 
eratures  less  than  approximately  50*  Centl* 
grade,  the  collector  current  is  very  close 
to  the  ideal  constant  collector  current*  Above 
50*  C*,  the  effects  of  ICBO  become  great, 
and  the  curve  begins  to  rise  rapidly*  This 
indicates  that  additional  compensation  must 
be  employed  at  the  higher  temperatures 


Figure  3-32*  Collector  CUrrent  Versus 
Temperature  (Diode  Stabilized) 

to  offset  the  adverse  effects  of  I^^gQ 
collector  current. 

3-135*  Reverse  Biased  Diode  Stabilization 

3-136*  Figure  3-33  shows  how  a  reverse 
biased  diode  can  be  used  to  reduce  the 
effects  of  ICBO  on  collector  current.  Since 
diode  CRl  is  reverse  biased,  there  will  be 
a  small  reverse  current  Ur)  due  to  minority 
current  carriers.  These  minority  current 
carriers  are  due  to  eIectron*hoIe  pairs, 
generated  by  heat*  Remember  that  ICBO 
IS  also  due  to  electron-hole  pairs,  generated 
by  heat*  If  both  PN  Junctions  are  identical 
and  at  the  same  temperature,  then  electron- 
hole  pairs  will  be  formed  In  CRl  and  Ql 
at  the  same  rate. 

3-137*  AS  the  reverse  current  of  CRl 
increases,  it  wU*  cause  a  larger  voltage 
drop  across  B^*  This  will  reduce  the  voltage 
across  the  base-emitter  lunctlon  (Vbe'i 
causing  base  current  to  decrease*  Therefore, 


Figure  3-33*  Reverse  Biased  Diode 
Stabilization 
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Figure  3-34.  Double-Diode  Stabilization 

collector  current  will  decrease  by  the  pame 
amount  IcBO  Increased*  The  result  is  that 
the  collector  current  would  remain  almost 
constant  with  temperature. 

3*138.  Double  Diode  Stabilization 

3*139.  It  Is  not  uncommon  to  find  both  a 
forward-biased  and  a  reverae^blaaed  diode 
in  the  same  amplifier  circuit.  This  arirange* 
ment  Is  calledDOUBLE^DIODEstabUlzatloni 
and  is  shown  In  Figure  3*34.  Tb.e  forward* 
biased  diode  CRl  compensates  for  changes 
m  the  resistance  of  the  forward* biased 
emitter-base  Junctionduetotemperature.  The 
reverse*blased  diode  CR2  compensates  for  the 
effects  of  IqbO  1^  the  reverse*blased  col* 
lector*base  Junction.  Curve  C  of  Figure  3*32 
shows  the  Increased  temperature  stability  of 
the  double-diode  stabilized  amplifier.  The 
collector  current  is  maintained  at  very  near 
the  ideal  value  over  a  wide  range  of  operating 
temperatures. 

3*140.  Notice  resistor  Rl  in  Figure  3*34. 
This  resistor  was  not  shown  In  either  the 
circuit  employing  the  forward* biased  or  the 
reverse*blased  diode,  iri  this  circuit,  Rl 
serves  to  isolate  the  two  diodes,  and  also 
Increases  the  effectiveness  of  each.  Figure 
3*35  shows  how  Rl  fits  into  the  forward* 
biased  diode  stabilization  network  employing 
CR1|  while  Figure  3*35B  shows  Rl  in  the 
reverae^'blased  diode  stabilization  network 
with  CR2. 

3*141.  Figure  3*35A  shows  that  Rt  acts 
similar  to  a  "swamping"  resistor  In  that 
It  increases  the  total  resistance  of  the  base 


current  path«  Ttiis  will  help  reduce  any  chango 
In  base  current  duo  to  changes  In  emitter- 
base  Junction  resistance  caused  by  tempera- 
ture. AlsO|  any  increase  in  base  current 
will  produce  a  larger  voltage  drop  across 
nt  I  thus  reducing  Vbq.  This  will  aid  the 
action  of  CRl  In  reducing  the  forward  bias 
voltage  as  temperature  increases. 

3*142.  Figure  3*35B  shows  that  Rt  also 
aids  the  action  of  CR2.  The  resistance  of 
Rl  effectively  adds  to  Roi  that  increases 
in  reverse  current  from  CR2  will  produce 
a  larger  decrease  in  bias  voltage.  TtUs  will 
reduce  base  and  collector  current  in  tran* 
sistor  Qt  to  better  cancel  the  added  I^bO 
current.  Collector  current  is  stUl  close  to  the 
ideal  value. 
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3-143.  Throughout  this  section  we  have  used 
NPN  transistors  to  demonstrato  the  operation 
of  the  various  stabilization  circuits.  However^ 
all  of  tho  problems,  effects,  and  stabiliza* 
tlon  techniques  presented  apply  equally  as  well 
to  circuits  using  PNP  transistors. 

3-144.  Distortion 

3-145.  In  general  terma,  DISTORTION  ia  a 
change  in  waveform.  It  is  the  opposite  of 
fidelity;  a  circuit  that  has  high  fidelity  has 
low  distortion.  Amplifiers  are  subject  to 
three  major  types  of  distortion:  amplitude, 
frequency  and  phase. 

3-148.  By  definition,  AMPLITUDE  DISTOR- 
TION is  the  result  of  changing  a  waveshape 
so  that  its  amplitude  is  no  longer  propor* 
tional  to  the  original  amplitude.  During 
the  first  alternation  (increasing  1^),  the 
output  is  varying  at  the  same  rate  as  the 
input.  On  the  second  alternation  (decreasing 
Iq)  the  output  does  not  vary  at  the  same  rate 
as  the  Input,  since  emitter  current  is  cut  off 
for  a  portion  of  this  alternation.  The  result 
Is  that  the  output  signal  waveshape  is  no 
longer  proportional  at  all  points  to  the  input 
waveshape.  Qass  AB,  Qass  B,  and  Class  C 
operation  will  cause  amplitude  distortion. 
Class  A  amplifiers  can  also  cause  amplitude 
distortion  when  they  are  operated  in  the 
nonlinear  area  of  the  dynamic  transfer  curve. 


3-147.  FREQUENCY  DISTORTlONoccurs when 
all  frequencies  are  not  amplified  equally.  An  amp" 
lifier  designed  to  amplify  frequencies  in  the  audio 


band  should  amplify  all  frequencies  from 
15  Hz  to  20  kHz  equally.  If  it  does  not 
pass  this  band  of  frequencies  equally  It  has 
frequency  distortion.  Inductance  and 
capacitances  cause  frequency  distortion 
because  their  reactance sdependon frequency. 
These  reactive  components  will  cause  the  gain 
of  an  amplifier  to  change  with  frequency. 

3-146.  PHASE  DISTORTION  ia  also  caused 
by  reactive  components.  If  two  frequencies 
that  have  a  specific  phase  relationship  are 
applied  to  the  input  of  an  amplifier^  and  the 
phase  relationship  Is  changed  at  the  output^ 
the  circuit  has  introduced  phase  distortion. 
Phase  distortion  occurs  when  some  fre* 
quencies,  applied  to  the  amplifier,  do  not 
receive  the  same  time  delay  as  the  other 
f  requencie  s  as  they  pas  s  through  the  ampUf le  r* 

3-14d.  Distortion  in  an  amplifier  is  not 
always  undesirable.  Often  distortion  is 
deliberately  introduced  to  alter  a  waveshape 
for  a  specific  purpose.  Later  In  this  course 
you  will  study  several  circuits  that  will  use 
distortion  to  advantage.  Only  when  a  change 
in  waveform  characteristics  is  unwanted  is 
distortion  undesirable. 

3-150.  Methods  of  Coupling 

3-151.  Usually,  amplifier  systems  have  a 
series  of  amplifiers  connected  together.  A 
small  signal  voltage  is  applied  to  the  first 
or  input  amplifier  and  its  output  becomesthe 
input  to  the  next  amplifier  in  the  series.  The 
purpose  of  each  amplifier  circuit  or  stage 
is  to  receive  the  signal,  increase  Its  strength, 
and  pass  it  on  to  the  next  amplifier^  The 


Figure  3-36.  Direct  Co-jpled  Amplifiers 
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mettiocl0  employed  In  connecting  or  coupling 
of  the  amplifier  stages  will  be  discussed  in 
this  section. 

3*152.  Dlrectt  RC,  Impedance  and  trans* 
former  coupling  are  four  methods  commonly 
used  to  connect  amplifier  circuits  together. 
Direct  coupling  Is  Illustrated  In  Figure  3*36. 
Notice  that  ttie  output  of  one  stage  (collector) 
is  connected  to  the  Input  of  the  next  stage 
(base)  In  each  circuit.  Figure  3-36A  shows 
NPN  transistor  Ql  directly  coupled  to  NPN 
transistor  Q2.  Resistor  Rl  acts  as  the  bias 
resistor  for  Q2  as  well  as  the  col- 
lector load  for  Ql.  The  resistance  of  Ql 
acts  as  bias  resistor  Rq  for  Q2.  The  Input 
signal  Is  amplified  and  Inverted  by  Ql*  then 
amplified  and  Inverted  again  by  Q2t  since 
these  are  both  commonemltter  configurations. 

3->153.  The  circuit  of  Figure  3-36B  Is  often 
used  to  decrease  the  number  of  components 
over  the  previous  circuit.  Transistors  Ql  and 
Q2  are  both  common  emitter  amplifiers.  The 
Input  signal  is  applied  to  the  base  and  output 
signal  Is  taken  from  the  ccdlector.  This 
arrangement  allows  the  use  of  both  PNP  and 
NPN  transistors  with  a  single  power  source, 
+Vqq  and  eliminates  the  need  for  C2andR4. 

3-154.  Transistor  Ql  Is  forward  biased  by 
RjD  and  R^.  Rl  is  the  collector  load  resistor 
for  Qlt  ,and  It  establishes  the  forward  bias 
for  Q2.  R2  Is  the  collector  load  resistor 
for  Q2t  where  the  output  is  taken  with 
reference  to  ground. 
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Figure  3*37.  Frequency  Response  of 
Direct- Coupled  Amplifier 

3-157.  Collector  current  changes  due  to 
temperature  variations,  for  example,  In  the 
first  stage  are  amplified  by  all  the  stages, 
resulting  In  very  large  Iq  changes  for  small 
temperature  variations,  causing  severe  temp* 
erature  Instability.  Notice  that  Ql  has  two 
staUlUation  components,  R3  and  BH,  to 
minimize  effects  of  temperature  change. 

3*156.     Figure  3-37  shows  the  frquency 
response  curve,  plotting  amplifier  output 
signal  amplitude  against  Input  signal  fre- 
quency* fora  direct* coupled  amplifier.  The 
direct* coupled  amplifier  will  ampiuy  both 
DC       AC  signals.  For  a  given  Input  amplU 
tude,  the  output  amplitude  remains  constant 
from  zero  hertz  throughout  the  audio  fre- 
quency range.  Therefore,  the  amplifier  hasa 
flat  frequency  response  throughout  the  audio 
frequency  range.  The  reduction  of  ampli- 
tude at  the  high  frequency  end,  as  shown  in 
figure  3-37  Is  due  to  the  transistor's  Inter- 
element  capacitance  and  stray  capacitance. 


3-155.  The  positive  alternation  of  an  Input 
signal  applied  to  the  base  of  Ql  causes  base 
and  collector  currents  to  Increase.  The 
voltage  drop  across  Rl  Increases,  which 
causes  the  base  current  of  Q2  to  Increase. 
Collector  current  of  Q2  Increases,  and  the 
voltage  across  H2  Increases.  On  the  negative 
alternation  of  the  Input  signal,  all  currents 
decrease  and  the  output  voltage  goes  negative 
(less  positive). 

3-156.  Direct- coupled  amplifiers  require 
minimum  circuit  parts,  resulting  Ineconomy 
of  construction.  The  number  of  stages  that 
can  be  directly  coupled*  however,  is  limited* 
because  any  undeslred  change  In  the  first 
stage  Is  amplified  In  succeeding  stages. 


3*159.  Figure  3-36showatranslstOrINTER- 
ELEMENT  CAPAOTANCE.  Although  the 
capacitances  Cqq*  ^cE'       ^CB  shown 


te""^ 


Figure  3-36.  Interelement  Capacitance 
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externally,  the  actual  capacltlve  effects  are 
produced  by  the  PN  Junctions  within  the 
transistor.  The  collector  and  base  form  the 
plates  for  Cqq  and  the  coUector^base  Junction 
depletion  region  is  the  dielectric  or  the 
distance  between  the  capacitor  plates*  As 
the  frequency  applied  to  the  amplifier 
increases,  the  reactance  of  the  transistor's 
interelement  capacitance  decreases.  Thelow 
reactance  will  shunt  both  Input  and  output 
amplifier  signals,  resxilting  In  a  reduced 
output  amplitude. 

3-160.  STRAY  CAPAaXANCE  la  that  capaci- 
tance which  exists  between  circuit  com^ 
ponents  and  wiring.  The  stray  capacitance 
between  2  conductors  couldprovideaahunting 
effect  and  cause  output  signal  amplitude  to 
decrease.  Stray  capacitance  is  not  normally  a 
problem  in  audio  amplifiers*  The  highest 
frequency  involved  is  about  20  kHz,  which 
makes  the  capacltlve  reactance  high  and 
reduces  Us  shunting  effect  on  the  signal. 

3-Xei.  The  RC  coupling  network,  shown  in 
Figure  3-^3d,  couples  two  amplifier  stages. 
The  network  consists  of  collector  load 
resistor  R2of  the  first  stage,  coupling capa-^ 
citor  C2,  and  forward  bias  resistor  R3  for 
the  base  of  02. 

3-162.  Capacitor  C2  blocks  or  isolates  the 
DC  collector  voltage  of  Ql  from  the  DC 
base  voltage  of  Q2*  However,  signal  voltage 
variations  (output  signal)  at  the  collector 
of  Ql  will  be  coupled  through  C2  to  the  base 
of  Q2.  Since  C2  is  in  the  signal  path  from 
Ql  to  Q2,  its  reactance  must  be  very  low 
to  prevent  any  signal  loss  (reduction  In  si|fnal 
amplitude). 
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Figure  3-^30*    RC  Coupled  Amplifier 

3-164.  Two  primary  factors  limit  the 
frequency  response  of  RC  coupled  ampU* 
fiers.  The  first  is  the  coupling  capacitor* 
The  reactance  of  the  coupling  capacitor  and 
the  input  resistance  of  transistor  Q2  form  a 
serleB  voltage  divider*  The  reactance  of  a 
capacitor  varies  inversely  with  frequency*  At 
low  frequencies  the  reactance  of  the  capacitor 
is  large  in  comparison  to  the  Input  resist^ 
ance  of thetranflistor.  Therefore,  the  coupling 
capacitor  will  drop  a  large  amount  of  the 
signal  Voltage,  resulting  in  a  reduced  signal 
to  the  base  of  02.  The  output  signal  ampli- 
tude then  would  be  reduced. 

3-^165*  The  other  limiUng  factor  In  the 
frequency  response  of  RC  coupled  amplifiers 
is  interelement  and  stray  capacitance.  The 
high  frequency  response  is  limited  by  these 
capacitances,  causing  a  loss  in  amplitude  at 
the  high  frequency  end  of  the  curve. 

3-166*  Figure  3-^40  shows  atypicalfrequency 
response  curve  of  an  RC  coupled  audio 
amplifier*  The  high  reactance  of  the  coupling 
capacitor  causes  loss  of  amplitude  at  thelow 
frequency  end  of  the  curve.  The  size  of  the 
coupling  capacitor  is  chosen  so  that  the  low 
frequency  half  power  point  (peak  x  *707) 


3-163.  The  signal  path  or  route  the  signal 
follows  through  the  amplifier  in  Figure  3^3d 
is  as  follows:  the  input  signal  voltage  is 
coupled  through  the  coupling  capacitor  CI 
to  the  base  of  QL  Bias  Voltage  changes 
cause  l£  and  Ic  changes*  The  collector 
current  changes  of  cause  Vq  changes 
at  the  signal  r^te.  These  output  signal  voltage 
changes  are  coupled  through  C2  to  the  base 
of  Q2.  This  signal  on  the  base  of  Q2  is 
amplified  and  appears  on  the  collector  of 
Q2  as  the  output  signal. 
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Figure  3*-40.     Frequency  Response  of  RC 
Coupled  Amplifier 
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Figure  3-41.  Impedance  Coupling 


occurs  at  about  15  hertz.  The  interelement 
and  stray  capacitances  caus;?  the  los£i  above 
20  kHz. 

3-167.  Impedance  {or  LC)  coupling  between 
two  amplifiers  is  shown  In  Figure  41,  This 
type  of  coupling  is  similar  to  HC  coupling 
except  that  the  load  resistor  ia  replaced 
with  an  Inductor.  Operation  of  the  Impedance 
coupled  amplifier  circuit  is  the  name  aa  the 
RC  coupled  amplifier  circuit. 

3*168.  Impedance  coupling  is  normally  uaed 
at  frequencies  above  the  audio  range.  The 
chief  advantage  is  that  the  reactance  of  the 
Inductor  Increases  as  frequency  increases. 
'Hils  Increase  inload  Impedance  will  increase 
the  amplifier's  voltage  gain  \vhlch  will  com- 
pensate for  loss  in  gain  due  to  the  inter* 
element  capacitance  of  the  transistor. 


the  LC  resonance  of  the  inductor  and  the 
Interelement  capacitance  of  the  transistor. 

3-170.  Interstage  coupling  of  amplifiers  by 
means  of  a  transformer  is  shown  in  Figure 
3-43.  The  primary  winding  of  transformer 
Tl  is  the  collector  load  of  the  first  atage 
Ql.  The  secondary  winding  oftransformerTl 
couplea  the  AC  signal  to  the  base  of  Q2. 
Rg  and  R^2  form  a  forward  bias  voltage 
divider  for  Q2.  The  lo^v  DC  reslatanctf  of  the 
secondary  of  Tl  does  not  affect  the  forward 
bias  {base  current)  appreciably.  CI  la  used 
to  place  one  side  of  the  transformer  secondary 
at  AC  ground  allowing  all  of  ihe  input  signal 
to  be  applied  between  base  and  emitter  of  02. 


3-169.  The  main  disadvantage  of  impedance 
coupling  U  that  it  is  limited  to  high  fre- 
quency use.  The  reactance  of  the  inductor 
at  low  frequencies  is  not  large  enough  to 
produce  good  voltage  gain.  Referring  to 
Figure  3-42,  ihe  loss  in  gain  at  low  fre- 
quencies is  due  to  low  inductive  reactance 
and  high  coupling  capacitor  reactance.  The 
low  gain  at  high  frequencies  is  due  to  the 
interwindlng  capacltlve  reactance  of  the 
inductor  and  interelement  capacitance  of  the 
amplifier.  TTiese  capacitancesahunttheamp- 
lifier^  resulting  in  a  decrease  in  signal 
amplitude.  Tbe  peak  in  the  curve  ia  due  to 


Figure  3-42.    Response  Curve  (Impedance 
Coupling) 
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Figure  3-43*  Transformer- Coupled  Amplifier 


3-171.  Figure  3*44  shows  the  frequency 
response  Of  2  transformer-coupled  amp* 
lifier.  The  low  reactance  of  the  windings 
at  low  frequencies  causes  the  Low  frequency 
response  to  fall  o£f.  At  high  frequencies, 
the  response  la  reduced  by  the  transistor 
Intsrelsment  capacitance  and  the  inter* 
winding   capacitance   of   the  transformer* 


3*172.  Troubleshooting 

3*173.  As  a  maintenance  man^  the  technique 
Of  troubleshooting  Is  of  primary  Importance 
to  you.  A  malfunction  of  a  component  In  an 
amplifier  system  will  produce  specific 
symptoms.  With  a  good  troubleshooting 
technique^  the  technician  will  be  able  to 
analyze  these  symptoms  and  determine  the 
faulty  component.  The  amount  of  time  and 
work  required  for  the  Isolation  of  the  faulty 
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Figure  3-44.  Frequency  Hesponse  of 
Transformer* Coupled  Audio  AmplUler 


component  depends  upon  your  knowledge  of 
normal  operation.  The  discussion  ottrouble* 
shooting  will  begin  with  the  analysis  of  the 
single*ended  Qass  A,  CEampUflerof  Figure 
3*4S  and  progress  toihe  two-stage  amplifier. 

3*174.  Ourlngnormaloperatlon^ihefollowing 
DC  voltages  are  present  in  the  amplifier: 
Base*emltter  voltage  (V~)  would  be  a  small 
voltage  (approximately  O.tl  volts);  collector 
voltage  (Vc)f  measured  from  collector  to 
ground^  would  be  approximately  1/2  Vcc 
(4*10  volts).  In  Figure  3-45»  V^^  Is  dependent 
upon  the  values  of  Vcc*  ^*BE* 
Changing  any  of  these  factors  would  change 
the  measured  voltage.  Vc  Is  dependent  upon 
the  values  of  Vco  ^*  the  resletance 
of  Ql.  The  equivalent  circuits  are  shown 


Figure  3-45.  Single-Ended  Amplifier 
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Figure  3-'46,   Equivalent  Bias  and  Collector 
Qrcult 

in  Figure  3*46*    Figure  3*47  shows  another 
8ingle*ended  amplifier.  Figure  3*46  shows  the 
equivalent  circuits*  The  base*einltter  voltage 
is  controlled  by  V^^^  ai,  ES,  M,  and  Hbe- 
NOTE;     The  bias  network  is  a  series 
parallel  networks  Tlie  voltage  from  base  to 
ground  (Vq)  is  ^2*i  volts,  and  the  voltage 
from  emitter  to  ground  (Vc;)  la  -^2  volts. 
The  base-emitter  voltage  (Vbe'  +0*5 
volts,  or  the  difference  between  Vg  and  Ve. 
Collector  voltage  is  controUod  by  the  values 
of  Vqq,  R2,  Hqi  and  a4. 

3-175.  The  normal  DC  voltages  which  are 
preaent  in  the  amplifier  circuit  can  be  found 
In  the  Technical  Order  for  the  equipment 
you  are  troubleshooting.  The  Technical  Order 


Figure  3-47.  Slngle*Ended  Amplifier 


Figure  3-46,   Equivalent  Bias  and  collector 
Qrcult 

Is  a  complete  maintenance  manual  giving 
operating  Instructions^  circuit  analysis^ 
alignment  and  troubleshooting  procedures 
for  an  electronic  system.  Tbeie  voltages 
can  be  measured  with  the  multimeter  or  the 
oscilloscope.  Tbe  measured  values  of  voltage 
can  be  compared  with  the  normal  voltages 
to  aid  In  the  analysis  of  circuit  operation, 

3-176.  The  AC  signal  which  the  amplifier 
is  designed  to  pass  and  amplifjr  can  be 
observed  at  various  points  In  Its  path  with 
the  oscilloscope.  The  signal  can  be  traced 
as  It  progresses  through  the  amplifier  from 
the  Input  at  Jl  to  the  output  at  JZ*  Figure 
3-49  Illustrates  the  elgnal  path  through 
the  amplifier  drcult. 

3*177.  The  signal  observed  at  Jl  is  small 
(millivolts).  As  the  signal  passes  through 
the  coupling  capacitor  Clt  little  or  no  loss 
In  signal  amplitude  should  be  observed* 
The  AC  signal  on  the  collector  should  be 
an  amplified  reproduction  of  the  input  signal 
with  a  160^  phase  reversal  and  nodistortion. 
This  signal  passes  through  the  coupling 
capacitor  C2  and  essentially  the  same  ampli* 
hide  and  quality  of  signal  should  be  observed 
at  J2,  Tbese  voltage  measurements  and 
waveshapes  indicate  the  anapUtier  is  operating 
normally. 

3-176.  Now,  let  us  observe  the  effects  a 
malfunctioning  component  will  have  on  the 
voltages  In  the  amplifier. 
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Figur:^  3-49.  Amplifier  Signal  Path 


3-179.  A  component  Aivhlch  la  malftincttoning 
can  deviate  from  its  normal  characteristics 
to  one  of  two  extreme  condlttona,  an  open  or 
a  short.  A  malfunction  can  occur  at  ^ny 
point  between  these  extremes,  and  the 
symptoms  which  appear  may  vary.  To 
simplliy  our  troubleshooting  explanation,  we 
wUl  use  the  extreme  conditions.  An  open 
wUl  be  an  infinite  resistance,  and  a  short 
will  be  zero  resistance.  A  short  may  cause 
damage  to  other  circuit  components.  How- 
ever, for  our  explanation^  we  will  assume 
that  circuit  components  can  withstand  the 
Increased  current  without  damage.  Becoming 
familiar  with  the  symptoms  for  these  con* 
dittons  will  aid  you  In  the  analysis  of  mal* 
functions  which  occur  to  a  lesser  degree. 

3-180.  In  Figure  3*50,  If  R2  were  open, 
collector  current  would  be  zero  because  there 
is  now  an  Incomplete  path  for  current  flow. 
The  voltage  drop  across  the  open  resistor, 
R2,  would  be  the  applied  voltage  V^^.  The 
voltage  on  the  collector  of  Ql  would  be 
zero. 

3-181.  Figure  3-51  shows  a  simplified 
cdllector  circuit  with  B2  open  and  the  vdtt-^ 
age  which  will  appear  at  the  collector.  A 
signal  applied  to  the  amplifier  will  appear 
at  the  collector  as  a  very  weaJc  signal. 
This  signal  Is  due  to  the  coupling  through 
the  translstor^s  Interelement  capacitance. 
The  signal  Is  reduced  due  to  the  high  reactance 
of  the  transistor  interelement  capacitance. 


Figure  3-51  shows  the  signals  present  in  the 
amplifier  for  an  open  coUeCtorload  resistor. 

3-182.  With  R2  shorted,  Ql  becomes  the 
only  resistance  in  the  circuit,  and  the  supply 
voltage  will  be  measured  on  Its  collector. 
See  Figure  3-52A.  With  no  amplifier  load 
resistance,  no  signal  would  appear  on  the 
collector.  However,  the  base  signal  would  be 
near  normal  amplitude.  See  Figure  3-^52B. 

3*183.  The  effect  an  open  transistor  will 
have  on  the  measured  vcdtages  la  shown  in 
Figure  3-53. 

3*184.  The  effects  of  this  malfunction  on  the 
signal  is  illustrated  in  Figure  3-53B.  With 
Ql  open  there  would  be  no  output  signal  at 
J2. 

3-185.  A  shorted  transistor  can  be  the 
result  of  an  internal  or  an  external  short 
The  effect  of  an  internal  short  la  Illustrated 
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Figure     3-50.     Single-Ended  Amplifier 
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Figure  3-54.  Ql  Shorted 


in  Figure  3-54.  The  Input  and  output  will 
be  shorted  to  ground  and  no  output  waveshape 
will  be  observed.  A  large  collector  current 
wilt  How  and  all  of  the  applied  voltage 
{Vqq)  win  be  dropped  across  R2.  K  an 
external  short  occurs  in  the  transistor,  the 
symptoms  will  be  somewhat  different.  Con* 
slderj  for  Instance,  that  the  collector  and 
emitter  leads  short  together.  The  current 
and  voltage  symptoms  would  be  the  samej 
but  the  Input  waveshape  will  still  be  present 
at  the  base. 

3*186.  Finally!  ^^^'s  observe  the  effects  of 
HI  on  the  DC  voltages  and  signals  In  the 
amplifier.  Figure  3-55  shows  the  DC  bias 
voltage  when  HI  opens  or  shorts. 

3-187.  If  HI  openSj  bias  voltage  decreases 
to  zero  and  Ql  will  not  conduct.  Iq decreases 


to  zero,  and  will  increase  to  Vqq. 
Ql  is  operating  in  its  cutoff  region.  The 
transistor  has  no  bias  and  is  operating 
approximately  Qass  B.  with  sufficient  input 
signal,  a  weak  and  distorted  signal  would 
be  present  in  the  output. 

3*188,  If  Rl  shortSj  bias  voltage  Increases 
and  Ic  increase,  causing  to  decrease. 
Ql  will  be  operating  in  the  saturation  region. 
Increasing  the  bias  voltage  to  Vqq  would 
cause  excessive  transistor  currents  to  flow. 
This  in  all  probability  would  destroy  the 
transistor.  However,  for  our  analysis,  we 
will  assume  that  the  transistor  can  with* 
stand  the  increased  current.  With  HI  com- 
pletely shorted  there  would  be  no  signal 
present  at  the  base  of  Ql  or  at  its  col- 
lector, since  the  input  signal  would  be  shorted 
to  AC  ground  (^qqI 
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Figure  3-55.  Effects  of  Faulty  Rl  on  Bias  Voltage 
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Figure   3-56.      Single-Ended  Amplifier 


Figure  3-58.    Reverse  Bias  COUector-Base 
Current  Flow 


3-189.  Figure  3-56  is  baslcallv  the  same 
amplifier  we  have  been  discussing  with  the 
exception  of  R3|  B4,  and  C3,  which  are 
stabilization  components.  We  wUl  now  dis- 
cuss the  effects  these  components  have  on 
circuit  operation  when  they  malfunction* 

Refer  to  Figure  3-57  ,  which  shows  the 
equivalent  bias  and  collector  networks. 

3-190.  If  R3  opens»  the  base-to*ground 
voltage  (Vq)  would  increase*  This  would 
increase  the  bias  voltage  (VgE)*  As  you 
recall}  as  blafi  voltage  increases*  Ic  would 
increase.  This  would  cause  V^;^  to  decrease 
to  a  value  lower  than  normal,  and 
to  Increase  due  to  the  Increased  current 
through  R4.  The  effect  this  malfunction  has 
on  the  signal  current  cannot  be  definitely 
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stated.  Due  to  the  Increase  in  bias  voltage, 
the  amplifier's  operating  point  has  moved 
closer  to  the  saturation  region  of  the  dynamic 
transfer  curve.  This  may  cause  a  decrease 
in  gain  and  saturation  distortion.  Ihe  degree 
to  which  the  symptoms  would  appear  is 
dependent  upon  how  much  bias  voltage  change 
Is  experienced  when  R3  opens.  The  base 
signal  would  be  normal;  however,  the  col- 
lector signal  may  show  distortion. 

3*191.  If  R3  shorts,  the  Vbe 
drop  to  zero  volts  and  the  amplifier  is  cut^ 
off.  Refer  to  Figure  3*57.  Collector  current 
in  this  amplifier  wUl  decrease  to  zero. 
Due  to  minority  current  through  the  col- 
lector base  Junction,  V^^  will  be  very  close 
to  V^;;^;^  but  not  equal  to  it.  Refer  to  Figure 
3*58. 

3*192*  The  signal  input  to  the  amplifier  is 
now  shorted  to  ground.  Therefore,  you  would 
observe  no  signal  either  in  its  input  or 
output  circuits. 

3^193.  Since  R4  is  in  the  OC  current  path 
for  Qt,  if  It  were  open,  Ig  would  cease^ 
would  drop  to  near  zero  (minority  current 
stiU  present),  and  Vq  would  Increase  to 
near  V^^;;,  See  Figure  3-56  and  3-57*  The 
base  to  ground  voltage  would  be  higher  than 
normal,  since  less  current  will  flow  through 
Rl*  The  emitter  voltage  (Vg)  wouldbe  nearly 
the  same  as  the  base  voltage*  Since  the  ampli- 
fier is  not  functioning,  the  normal  signal 
on  the  base  would  be  coupled  through  Ql 
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interelement  capacitance  and  a  very  weak, 
distorted  signal  would  appear  In  tiie  output. 

3-194.  U  F4  ghorta,  the  Vqe  would  Increase 
(Vqe  a  Vb  -  Vg)  since  the  voltage  acrooa 
R4  (Vg)  drops  to  zero.  \q  would  increase 
and  Vq  would  be  lower  than  normah  Since 
Ql  is  now  operating  with  a  greater  amount 
of  bias  voltage,  operation  Is  approaching 
saturation.  The  amplifier  output  signal  may 
experience  a  decrease  In  amplitude  and  an 
Increase  In  distortion.  R4  Is  employed  for 
temperature  stabilization  and,  shortlngwould 
decrease  circuit  temperature  stability.  Its 
swamping  action  on  bias  current  changes  are 
no  longer  felt,  and  the  Increase  In  bias 
results  in  greater  heat  which  further  reduces 
circuit  stability. 

3-195.  C3  is  utilized  in  the  amplifier  to 
prevent  degeneration  of  the  input  signal 
appearing  between  base^etnttter  of  Ql.  An 
open  capacitor  would  decrease  the  gain  of 
the  amplifier.  The  Input  signal  Is  normal. 
However,  due  to  the  degeneration,  the  output 
signal  win  be  lower  than  normal*  The  static 
operating  point  of  the  amplifier  will  not  be 
changed  by  this  malfunction;  therefore,  Vc 
and  Vgg  will  be  normal. 

3-196.  Refer  to  Figure  3-57.  C3  la  in 
parallel  with  R4.  When  C3  shorts,  It  will 
place  a  short  across  R4,  producing  the  same 
effects  as  R4  shorting.  Vg  would  decrease 
to  zero  and  Vbe  would  Increase.  This 
Increase  in  bias  voltage  may  caus^  a  decrease 
In  oiJtput  signal  amplitude  and  an  increase 
in  distortion. 

3-197.  Classification  of  Ampllilers 

3-198.  Amplifiers  may  be  classified  or 
groupez  In  a  number  of  ways.  The  methods 
we  will  discuss  are  classification  by  use, 
frequency  range^  and  cla^s  of  operation^ 

3-199.  Classiacation  by  use.  AmpUaers 
may  be  grouped  by  the  way  they  are  used 
In  a  circuit.  Recall  that  the  current,  voltage, 
and  power  gains  of  an  amplifier  aredependent 
on  several  factors,  namely  configuration, 
size  of  the  load  resistor,  transistor  type, 
etc.  An  amplifier  designed  to  produce  a 


large  current  gain  Is  called  a  current  amp- 
lifier, and  one  that  provides  a  large  voltage 
gain  is  called  a  voltage  amplifier*  a  power 
amplifier  is  one  which  must  deliver  large 
amounts  of  output  powe* 

3^^200.  Classification  by  frequency.  Anamp- 
Ufler  may  be  classified  also  by  the  range  of 
frequencies  it  is  capable  of  amplifying  pro- 
perly. A  DC  AMPLIFIER  is  one  which  is 
able  to  amplify  DC  (0  Hertz)  applied  to 
its  Input.  DC  amplifiers  are  often  found  In 
oscilloscopes  and  computer  circuits.  An 
AUDIO  AMPUFIER,  a.s  the  name  Implies, 
operates  In  the  audio  range,  which  is  about 
15  Hz  to  20  kHz. 

3-201.  RADIO  FREQUENCY  AMPLIFIERS 
are  operated  in  the  radio  frequency  (RF) 
spectrum  from  about  10  kHz  to  300  GHz 
or  higher.  RF  amplifiers  are  commonly 
used  In  radio  receivers  and  transmitters* 

3-202.  Lastly,  the  VIDEO  AMPUFIER, 
which  Is  also  called  a  wide-band  amplifier, 
can  amplify  all  frequencies  from  a  few 
hertz  to  several  megahertz.  They  are  used 
in  television  and  radar  systems. 

3-203.  Classification  by  class  of  operation. 
There  are  four  classes  of  operation  for 
amplifiers.  They  are  CLASS  A,  CLASS  AB, 
CLASS  B,  and  CLASS  C.  The  class  of  opera- 
tion is  determined  by  the  amount  of  bias  and 
the  amplitude  of  the  input  signal. 

3-204.  All  cf  the  amplifiers  you  have  seen 
so  far  in  this  chapt'^r  have  been  CLASS  A 
amplifiers.  Amplifiers  operated  CLASS  A 
are  biased  In  such  a  manner  as  to  allow 
collector  current  to  flow  during  the  complete 
360  degree  cycle  (100%)  of  thd  input  signal. 
CLASS  B  amplifiers  are  biased  to  allow 
collector  current  to  flow  one  half,  or  50%, 
of  the  input  signal  cycle.  Class  AB  falls 
between  Class  A  and  Class  B«  Collector 
current  Is  zero  for  a  portion  of  one  alter- 
nation of  the  input  signal;  thus  \q  flows 
for  more  than  180  degrees,  intt  l^ss  than 
360  degrees  (51%  to  99%)  of  the  input  cycle. 
Finally  CLASS  C  amplifiers  are  biased  to 
allow  \q  to  flow  for  less  than  180  degrees 
of  the  input  cycle  (less  than  50%).  Each  of 
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Figure  3-59,  Development  of  Dynamic  Transfer  Curves 


these  classes  of  operation  has  certain 
advantages  and  disadvantages^  and  wlU  now 
be  explained  In  detail. 

3-^209.  Amplifiers  operated  CUfls  A  are 
biased  In  such  a  manner  as  to  allow  col* 
lector  current  flow  during  a  complete  360 
degrees  of  the  Input  signal.  Collector  current 
also  flows  when  no  signal  is  present.  The 
initial  operating  point  Is  established^  by  pro-* 
per  biasing,  so  that  the  transistor  will  operate 
within  the  linear  portion  of  Its  collector 
characteristics f  thus  providing  an  output 
waveform  which  Is  a  replica  of  the  Input 
waveform. 

3-^206.  To  aid  the  discussion  of  classe±>  of 
operation  ^  we  use  a  ''dynamic  transfer" 
curve.  Figure  3-99Adhows  a  typical  common 
emitter  family  of  curves  with  a  load  line. 
These  curves^  however^  do  not  give  a  clear 
picture  of  the  linearity  between  the  Input 
current  (Ig)  and  output  current  (I^).  To 
show  the  linearltycharacterlstlcs  of  a  circuity 
a  transfer  curve^  shown  in  figure  3-99B 
Is  constructed.  This  curve  Is  a  plot  of  Ic 
{vertically)  against  Ig  {horizontally).  By  ex- 
tracting values  of  1c  varsus  1q  at  various 
points  on  the  load  line^  and  transferring  this 
information  to  the  chart  on  the  rights  a 
dynamic  transfer  curve  Is  developed. 


3-207.  Notice  that  the  center  portion  of  the 
transfer  curve  Is  almost  a  straight  line. 
This  Is  the  LINEAR  operation  region  for 
the  amplifier.  The  top  and  bottom  of  the 
curve  Is  not  straight^  Indicating  the  NON- 
LINEAR operation  of  the  amplifier  as  satu-* 
ration  or  cutoff  Is  approached. 

3-206.  Class  A  amplifiers  operate  withlnthe 
linear  portion  of  the  collector  characteristic 
curves.  Figure  3-60  uses  a  transfer  curve 
to  Illustrate  Class  A  operation.  The  Imtial 
operating  point  Is  established  In  the  middle 
of  the  linear  portion  of  the  curve.  The  Input 
signal  will  cause  the  base  current  to  vary 
up  and  down  along  the  curve.  This  will  cause 
a  corresponding  change  In  collector  current. 
For  Class  A  operation^  the  amplifier  cur- 
rent never  goes  beyond  the  linear  portion  of 
the  curve.  The  Input  signal  will  cause  the 
base  current  to  vary  up  and  down  along  the 
curve.  This  will  cause  a  corresponding  change 
In  collector  current.  For  Class  A  operation, 
the  amplifier  current  never  goes  beyond  the 
linear  portion  of  the  curve.  This  results  in 
an  output  signal  which  Is  an  exact  replica 
of  the  input.  Notice  that  collector  current 
flows  during  100%  (or  360  degrees)  of  the 
Input  cycle. 

3^209.  ForClassABoperatlon^ the  amplifier 
Is  biased  so  that  1c  Is  zero  (cutoff)  for  a 
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Fi^re  3^60.  Class  A  Operation 

portion  of  one  alternation  of  the  input  signal. 
Thus  collector  currentwiUflowfor  more  than 
130  degrees  but  less  than  360  degrees.  To 
operate  Class  AB,  forward  bias  current  Is 
made  less  than  the  peak  value  of  the  input 
signal  current.  Therefore,  the  input  Jtinctlon 
will  be  reverse  biased  during  one  alternation 
for  the  amount  of  time  that  the  signal  current 
peak  opposes  and  exceeds  the  value  of  for* 
ward  bias  current.  Figure  3-61  shows  the 
characteristics  of  a  Class  AB  amplifier.  An 
examination  indicates  that  the  operaUng  point 
has  been  mov*d  downward  along  the  curve 
^oward  cutoff  as  compared  to  Class  A. 
Collector  cutoff  current  is  very  small  during 
the  time  Ig  is  zero,  because  collector  cur- 
rent during  this  period  is  due  to  l^BO' 
Notice  also  that  the  collector  current  {or 
output  signal)  waveform  is  not  an  exact 
replica  of  the  input  with  Class  AB  operation. 
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Figure  3-61,  Class  AB  Operation 
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Fl^re  3*64.  Class  A  Amplifier 


3*210.  Fl^re  3-62  shows  a  curve  with  the 
Initial  operating  point  at  zero  base  current 
(Iq  a  0).  This  amplifier  Is  biased  for  Class 
B  operation^  with  collector  current  cutoff 
during  one  half  cycle  (50%)  of  the  Input  slg* 
nal.  The  IniUal  operating  point  Is  established 
30  that  base  current  Is  zero  under  NO  SIG- 
NAL conditions.  When  a  signal  Is  applied*  one 
half  cycle  will  forward  bias  the  base* 
emitter  junction  and  Iq  will  flow.  Since  the 
operating  point  must  move  through  the  non* 
linear  region  near  cutoff*  the  collector  cur* 
rent  does  not  exactly  follow  the  shape  of  the 
Input  signal.  On  the  other  half  cycle 
of  the  Input  9lg;nalf  the  base*emltter  junction 
win  be  reverse  biased^  and  Iq  will  be  cut  off. 
Thust  In  Class  B  optiratlon,  collector  cur* 
rent  will  flow  for  approximately  180  degrees 
of  the  Input  signal,  and  there  will  be  no 
collector  current  flow  with  no  Input  signal 
applied. 

3^211.  Class  C  amplifiers  are  biased  so 
that  collector  current  flow  Is  zero  for  more 
than  180  degrees  of  the  Input  signal.  In 
other  wordSf  the  transistor  remains  Inacut- 
off  condition  for  all  but  a  small  portion  of  the 
Input  signal.  To  establish  an  operating  point 
below  cutoff  In  a  transistor  requires  that 
the  base-emitter  junction  be  reverse  biased. 


Only  the  portion  of  the  Input  signal  that 
overcomes  this  reverse  t)ias  will  cause 
collector  current  to  flow. 

3-212.  Figure  3-63  shows  the  characteris- 
tics of  a  Class  C  amplifier.  Notice  that  the 
operating  point  Is  established  beyond  the  col* 
lector  cutoff  level.  Only  the  portion  of  the 
Input  signal  that  overcomes  the  reverse 
bias  will  cause  an  output  signal.  During  the 
rest  of  the  cycle  the  Input  junctlonis  rverse 
blasedt  as  shown  by  the  shaded  area.  Notice 
that  the  output  signal  bears  little  resemblance 
to  the  Input  signal  waveform. 

3*213.  From  the  previous  discussion,  you  can 
conclude  that  two  primary  Items  determine 
th«  class  of  operation  of  an  amplifier.  These 
are  the  AMOUNT  OF  BIAS  and  the  AMP- 
LITUDE OF  THE  INPUT  SIGNAL.  Figure 
3-^64  shows  a  common  emitter  amplifier. 
Vfe  can  determine  Its  class  of  operation 
from  the  information  given  on  the  schematic 
diagram,  or  in  the  actual  circuit  by  using  an 
oscilloscope  and  multimeter. 

3-214.  Notice  first  that  the  bias  resistor 
Rl  places  the  trase  of  the  NPN  transistor 
at  £  positive  0.5  volts  with  respect  to  the 
emitter  (Vg^  =  +0.5V),  Indicating  that  the 
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Figure  3-65,  Class  AB  Amplifier 
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transistor  has  forward  bias.  This  voltage 
of  the  iDuUimeter  across  the  base  and 
emitter  leads  of  the  translator  and  measuring 
the  DC  bias  voltage. 

3-215.  Ne3ct  we  compare  the  PEAK  value  of 
the  Input  signal  to  the  amount  of  bias  voltage. 
The  input  signal  is  given  as  0*5  volts  p*p, 
which  Is  0*25  volts  peak.  The  input  signal 
voltage  can  be  measured  with  an  oscilloscope 
by  placing  the  probe  on  the  base  lead  of  the 
transistor.  Becall  that  the  negative  alternation 
of  the  input  will  oppose  forward  bias  in  this 
circuit.  Since  the  peak  value  of  the  input 
(0.25  volts)  is  less  than  the  Was  voltage, 
the  transistor  will  have  forward  bias  for  the 
entire  input  cycle,  and  collector  current  will 
flow  for  the  entire  cycle*  Therefore,  this 
amplifier  Is  operating  class  A* 

3-216.  Class  A  operation  can  also  be  veri- 
fied by  observing  the  waveform  at  the  col- 
lector of  the  transistor  with  the  oscilloscope* 
AS  long  as  the  transistor  operates  in  the 
linear  region  of  the  dynamic  transfer  curve, 
the  output  waveform  will  be  an  exact  replica 
of  the  input  waveform. 

3'217.  We  can  apply  the  same  techniques 
to  the  circuit  of  figure  3-65  to  determine 


the  class  of  operation.  Note  that  the  bias 
voltage  (Vqq)  is  less  than  in  the  previous 
example.  Now  the  peak  value  of  the  input 
signal  Is  more  than  the  bias  voltage.  The 
input  signal  will  completely  cancel  the  forward 
bias  for  a  portion  of  one  alternation  of  the 
input  signal,  and  collector  current  will  be 
cutoff  during  this  time.  Collector  current  is 
cut  off  for  only  a  portion  of  one  alternation 
(less  than  180  degrees),  hence  the  amplifier 
is  operating  Class  AB. 

3-218,  So  far  we  have  illustrated  the  effect 
of  the  amount  of  bias  on  class  of  oi^eration. 
To  Illustrate  the  effect  of  signal  amplitude, 
consider  the  circui  of  figure  3-65,  but  with 
an  input  signal  of  0.2  volts  p-p.  Now,  com* 
paring  peak  signal  amplitude  (now  0.1  volts 
peak)  to  bias  voltage  (0.2  volts)  we  see  that 
the  input  signal  will  no  longer  completely 
cancel  forward  bias.  Therefore,  collector 
current  will  flow  during  the  entire  input  cycle, 
and  the  amplifier  circuit  is  now  operating 
Class  A. 

3-219*  Now  consider  the  amplifier  circuit 
of  figure  3-64  (which  we  determined  earlier 
to  be  operating  Class  A),  but  with  a  larger 
input  signal  amplitude  of  1*2  volts  p*p.  The 
peak  value  of  the  Input  signal  (0*6  volts) 
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Figure  3-67.  Class  C  AmpUtter 


Figure  3-69.  Class  B  Common  Base  Amplifier 
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is  somewhat  creator  than  the  blaa  (O.S 
Volts)  so  collector  current  will  be  cut  off  for 
a  protlon  of  the  negative  alternation  of  the 
Input  sli^al.  The  amplifier  Is  now  operating 
Claas  AB.  On  the  positive  alternation,  the 
Input  signal  will  aid  bla^  to  the  e^ctent  that 
the  transistor  wlU  be  driven  Into  aatura<^ 
tlon  for  a  portion  of  the  positive  alternation. 
If  the  Input  signal  to  an  amplifier  Is  large 
enough  3o  that  It  goes  alternately  Into  cut<^ 
off  and  saturation,  the  amplifier  Is  called 
an  OVERDRIVEN  AMPLIHER. 

3^220.  Figure  3-66  shows  a  Class  B 
amplifier,  Notice  that  the  bias  voltage  (Vqq) 
is  0  voIt3.  Resistor  Rl  Is  used  to  place  the 
base  at  zero  volts,  and  to  develop  the  Input 
signal.  Only  the  positive  alternation  of  the 
input  signal  will  allow  the  transistor  to  con- 
duct and  collector  current  would  flow  for 
only  50%  of  the  Input  cycle. 

3-221.  The  oscilloscope  can  be  used  to 
verify  Class  B  operation.  The  time  for  one 
cycle  of  the  input  is  measured  (2  ms)  and 
compared  to  the  time  an  output  signal  Is 
produced  (1  ms).  A  ratio  of  1  to  2,  or  50% 
indicates  Class  B  operation. 

3-222.  To  illustrate  Class  C  operation  we 
will  use  the  circuit  of  figure  3-67.  Resistors 
Rl  and  R2  form  a  voltage  divider  which 
places  ^O.I  volts  on  the  base.  This  Is 
reverse  bias  for  the  emitter-base  junction, 
The  input  signal  must  first  overcome  this 
reverse  bias  before  collector  current  can  flow. 
Therefore,  the  transistor  will  conduct  for  only 


a  portion  of  the  positive  alternation  of  the 
input  cycle.  The  negative  alternation  will 
aid  the  reverse  bias  already  present,  and 
collector  current  will  remain  cut  off.  Col^ 
lector  current  flows  for  less  than  50% 
of  the  input  cycle,  indicating  Class  C  operation. 

3-223.  The  techniques  Just  studied  can  also 
be  applied  to  other  transistor  circuit  con^ 
figurations.  Figure  3-66  shows  a  common 
base  amplifier  using  a  PNP  transistor.  By 
Comparing  the  time  collector  current  flows 
(developing  an  output  signal)  with  the  input 
signal  period,  we  see  that  this  amplifier  is 
operating  Class  B.  These  measurements 
are  easily  made  using  the  osclUoecope. 
Similarly,  the  common  collector  circuit  of 
figure  3<^69  can  be  determined  to  be  operating 
Class  AB.  Remember  that  Ig  and  Iq  cease 
when  the  Input  signal  cuts  off  the  transistor. 

3<^224.  Two  terms  used  In  Conjunction  with 
amplifiers  are  FIDELITY  and  EFFICIENCY. 
FIDELITY  is  defined  as  the  degree  to  which 
a  device  accurately  reproduces,  at  Its  output, 
the  waveform  characteristics  of  a  signal 
applied  to  its  input.  In  other  words,  If  a 
sine  wave  of  a  certain  frequency  Is  applied 
to  the  input  of  an  amplifier  and  a  sine  wave 
at  the  same  frequency  Is  developed  In  the 
output,  the  amplifier  has  a  high  degree  of 
fidelity. 

3-225.  A  class  A  amplifier,  then,  has  a  high 
degree  of  fidelity.  A  Class  AB  amplifier 
has  less  fidelity,  and  Class  B  and  Class  C 
amplifiers  have  low  or  POOR  fidelity. 
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Figure  3->69.  Class  AB  Cominon  Collector  Amplifier 
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3-226.  EFFICIENCY  is  defined  as  the  ratio 
between  the  output  signal  power  and  the  total 
input  power.  An  amplifier  has  two  Input  power 
sources,  one  from  tho  signal  and  one  from  the 
power  supply.  Power  furnished  by  the  power 
supply  Is  determined  by  voltage  and  current 
required  at  the  operating  point.  The  Input 
signal  power  is  determined  by  the  current- 
voltage  values  of  the  input  signal.  The  output 
power  is  determined  by  the  current-voltage 
values  of  the  output  signal. 

3-227.  A  Class  A  amplifier  has  ^  relatively 
large  input  power  from  the  power  supply. 
This  Is  because  Class  AampUfiersarebiased 
near  the  middle  ofthe  dynamic  transfer  curve, 
where  both  voltage  and  current  are  relatively 
large.  Even  with  no  input  signal,  the  circuit 
is  using  considerable  power  from  the  power 
supply.  The  amplitude  of  the  output  signal  is 
limited  by  the  nonlinear  areas  of  the  transfer 
curve.  Therefore,  the  output  signal  will  be 
relatively  smalL  Comparing  the  total  Input 
power  to  the  output  signal  power  reveals  the 
efficiency  to  be  very  low. 

3-228.  Class  AB  amplifiers  are  biased  lower 
on  the  dynamic  transfer  curve,  so  Iq  is 
smaller  than  in  a  Class  A  amplifier.  Further, 
during  the  time  the  transistor  is  cut  off  by 
the  input  signal,  no  collector  current  flows. 
The  total  input  power  to  the  amplifier  in 
Class  AB  is  less  than  In  Class  A.  This  leads 
to  better  efficiency. 


3-229.  Class  B  amplifiers  aro  biased  with 
little  or  no  at  the  operating  point,  with 
no  input  signal  there  Is  little  wasted  power. 
The  efficiency  of  Class  B  Is  higher  still. 

3-230.  The  efficiency  of  Class  C  Is  the 
highest  of  the  four  classes,  since  collector 
current  Is  cutoff  during  all  but  a  small  por- 
tion of  one-half  cycle  of  the  Input  cycle. 

3-231*  We  have  discussed  three  methods  of 
classifying  amplifiers;  by  use,  frequency 
range,  and  class  of  operation.  It  should  now 
be  apparent  that  an  amplifier  can  be  described 
in  detail  by  these  methods.  For  example,  an 
amplifier  designed  for  a  high  power  gain, 
capable  of  amplifying  frequencies  in  the 
audio  range,  and  operating  such  that  collector 
current  flows  during  the  entire  cycle  of  the 
Input  signal  would  be  called  a  CLASS  A 
AUDIO  POWER  AMPLIFIER. 

3-232.  Harmonic  Generation 

3-233.  A  sine  wave  Is  the  basis  of  ail  other 
waveforms.  It  is  the  only  waveform  that 
contains  only  one  frequency. When  anyoutslde 
source  changes  the  shape  of  a  sine  wave, 
other  frequencies  aregenerated.  The  resultant 
waveform  is  a  composite  of  these  other  fre- 
quency components.  To  illustrate  this 
principle,  refer  to  figure  3-70. 
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Figure  3*70.  Complex  Wave  Generation 


OUTPUT 
SIGNAL 


REP4-'433 

Figure  3'7l,     HarmotUc  Generation 

3-234.  generator  No,  1  is  producing  a  sine 
wave  signal  of  1  kHz,  Generator  No.  2 
is  producing  ^  sine  wave  signal  of  3  kHx, 
which  is  the  third  harmonic  of  the  1  kHz. 
A  HARMONIC  is  ^  integral  (whole  number) 
multiple  of  the  fundamental  frequency.  That 
is,  the  second  harmonic  Is  two  times  the 
fundamental,  the  third  harmonic  is  three  times 
the  fundaniental,  etc.  Those  harmonics  that 
are  odd  multiples  of  the  fundamental  fre- 
quency are  called  odd  harmonics^  and  the 
even  multiples  are  called  even  harmonics. 

3-235.  By  combining  the  fundamental  fre- 
quency and  the  third  harmonic  frequency 
(Point  At  figure  3-70),  a  resultant  wave  is 
formed  that  is  considerably  different  than 
either  of  the  originals.  When  the  fifth  har- 
monic frequency  (Generator  No.  3)  is  added 
with  the  fundamental  and  the  third  harmonic, 
the  resultant  wave  at  Point  B  is  obtained. 
Both  waves  (Point  A  and  B)  are  called  non- 
sinusoidal  waves*  A  nonsinusoidal  wave  is 
any  wave  that  does  not  vary  as  a  sine  curve. 


Further,  aa  scon  above  a  nonsinusoidal  wave 
contains  more  than  one  frequency  component. 

3-236,  It  is  not  necessary  to  have  throe 
generators  to  produce  the  waveform  shown 
at  point  B  of  figure  3-70*  Figure  3-71 
illustrates  how  an  amplifier  can  do  the  same 
thing*  If  a  sine  wave  Input  signal  were 
large  enough  to  drive  an  amplifier  alternately 
into  saturation  and  cutoff  (overdriven),  the 
output  waveform  would  be  nearly  fiat  on  the 
top  and  bottom.  Since  the  output  is  non- 
sinusoidal,  it  now  contains  fundaniental  and 
harmonic  frequencies*  The  harmonic  fre- 
quencies have  been  generated  by  the  non- 
linear operation  of  the  transistor  (cutoff  and 
saturation), 

tJ-237«  When  a  sine  wave  is  applied  to  a 
non-linear  device,  harmonically  related  fre- 
quencies are  generated.  Anywaveform  that  is 
not  a  sine  wave  contains  more  than  one 
frequency* 

3-238.   A  Class  A  amplifier  Is  designed  to 
operate  on  the  linear  portion  of  its  trans- 
fer curve.  Thus,  no  harmonics  will  be 
generated  and  the  output  will  contain  only 
the  frequency  applied  to  the  input  of  the 
amplifier*  Class  AB^  cl^ss  B,  and  Class  C 
amplifiers  do  generate  harmonics  because^  at 
some  time  during  their  operation,  they  use 
the  non- linear  portion  of  the  curve. 

3-23d.  The  type  or  class  of  operation  will 
determine  the  type  of  harmonics  generated. 
In  Class  B  operation,  the  predominant  har^** 
monies  generated  are  even  harmonics.  Some 
odd  harmonics  will  be  generated,  but  their 
amplitudes  are  small  compared  to  the  even 
harmonics.  In  Class  C  operation,  however, 
both  odd  and  even  harmonics  have  large 
values.  Overdriven  amplifier  operation  will 
generate  odd  harmonics. 
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Chap  tor  4 


SELECTED  SOUD  STATE  DEVICES  AND  IhTTEGRATED  ORCUITS 


4«L.  Tho  Introduction  and  application  of 
80  ml  conductor  devices  Into  the  field  of 
Electronics  has  enabled  us  to  successfully 
launch  a  apace  vehicle.  This  Is  only  one  of 
thousands  of  things  which  have  either  been 
Improved  or  made  possible  by  semiconductor 
devices.  The  largOi  high  power  consumlngi 
heat  generating  vacuum  tube  amplifiers  have 
been  replaced,  to  a  large  degreei  by  the 
transistor,  tunnel  diode,  or  aeld  effect  tran* 
sister.  The  slow  acting,  heavy,  large,  un* 
reliable  control  devices  such  asswltchesand 
relays  have  been  replaced  by  special  semi* 
conductor  devices.  This  has,  to  a  great 
e^ctent,  aided  In  the  development  of  miniature 
computers.  As  man's  knowledge  of  the  appU* 
cation  of  semiconductors  Increased,  he  was 
atde  topnxiluce  components  such  ad  resistors, 
capacitors  and  Inductors  from  seml*conductor 
materials.  In  fact,  it  is  now  possltde  to 
produce  entire  electronic  circuits  known  as 
Integrated  circuits.  These  circuits  can  be  as 
small  or  smaller  than  tbe  letter  "0."  The 
development  of  these  micro* miniature  semi* 
conductor  circoits  has  greatly  reduced  the 
size  and  weight  of  electronic  systems  and 
has  Increased  their  reliability.  The  schematic 


symbols,  biasing  characteristics,  and  appU* 
cations  of  some  of  these  semiconductor 
devices  will  bo  discussed  in  thie  chapter. 

4*2.  UnlJuncUon  Transistors 

4*3.  The  unijunction  transistor  (UJT)  is  the 
first  one  of  the  selected  solid  state  devices 
we  will  discuss.  It  basically  is  a  variable 
resistance  which  Is  voltage  controlled.  It 
does  not  amplify,  but  it  does  serve  as  an 
electronic  switch.  Like  a  switch,  the  unl* 
junction  can  go  from  a  high  resistance 
(switch  open)  to  a  low  resistance  (switch 
closed). 

4*4.  Figure  4*1A  shows  the  construction  of 
a  unijunction  transistor  using  an  N^type 
bar.  Fused  Into  tbe  N«type  material  Is  ^ 
piece  of  P*type  materlalwhichisthe  emitter. 
Ohmlc  contacts  are  connected  at  opposite 
ends  of  the  bar,  caUed  BASE  1  and  BASE  2. 
Observe  that  the  position  of  the  emitter  is 
closer  to  BASE  2,  about two«thlrds the  distance 
from  BASE  1  to  BASE  2.  Other  unljunctlons 
use  a  P*type  bar  wltb  ^  N«type  emitter. 
The  N  region  has  a  specific  resistance 


OBASE  2 


9BASE2 


EMITTER 
0  


■5) 


EMITTER 


&BASE  1 


HEP4'314 


Figure  4-1.  UnljuncUon  Transistor  (UJT) 
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Figure  4-*2«  Voltage  Distribution  orGradlent 
In  the  Unllunctlon  Translator 

because  It  la  &  semiconductor.  Figure  4-lB 
shows  the  equivalent  circuit  for  the  three 
terminals.  The  N-type  t>ar  appears  as  a 
resistor  between  BASE  1  and  BASE  2.  This 
resistance  Is  called  "Interbase"  resistance 
and  can  have  typical  values  of  Sk  to  lOk 
ohms.  The  P-type  emitter  fUsed  to  the  N- 
type  t>ar  forms  a  PN  Junction  diode  as  shown. 
Figure  4-lC  shows  the  schematic  symbol  for 
an  N-type  unijunction  and  4*10  is  the  symbol 
for  the  P-type  unijunction  transistor* 

4-5.  When  a  voltage  is  applied  across  the 
two  bases  (Figure  4-2),  a  small  current 
will  flow  from  BASE  1  to  BASE  2.  The 
voltage  applied  will  be  evenly  distributed 
across  thelnterbase  resistance  which  appears 
as  a  voltage  divider.  This  distribution  is 
called  the  "voltage  gradient."  One^fourth 
the  distance  from  Bl  to  B2  represents  one* 
fourth  of  the  Interbase  resistance.  There- 
fore, one-fourth  of  the  voltage  applied  will 
appear  at  point  A  with  respect  to  Bl  or 
ground,  point  B  represents  one-half  of  the 


+  20V 


resistance]  therefore  10  volts  would  appear 
at  point  B«  Three-fourths  of  the  applied 
voltage  appears  at  point  0«  Increasing  or 
decreasing  the  voltage  applied  would  change 
the  voltage  at  these  points  but  the  distri- 
bution or  voltage  gradients  would  remain  the 
same.  For  40  volts  applied,  point  A  would  t>e 
10  volts,  point  B  would  be  20  volts,  and  30 
volts  at  point  0. 

4-6.  In  Figure  4-2,  the  voltage  at  the 
Juncuon  of  the  emitter  and  bar  (Point  C) 
is  posiUve  12.6  volts  with  respect  to  BASE 
1  or  ground*  The  emitter  at  point  E  is  at 
ground  potential;  therefore  the  emitter  is 
reverse  biased  by  12.6  volts.  The  emitter 
Junction  is  ''cutoff"  and  will  remain  at 
cutoff  as  long  as  the  emitter  is  less  posi- 
tive than  point  C.  In  the  cutoff  condition, 
there  is  very  little  Current  through  the 
emltter-BASE  1  Junction*  The  impedance  of 
the  emitter  is  very  high  (from  1  to  65 
megohms)  and  the  emitter  circuit  acta  like 
an  open  switch* 

4*7*  Figure  4-3A  shows  an  equivalent 
circuit  of  a  cutoff  unijunction.  Rl  and  H2 
provide  only  positive  10  volts  at  the  emitter 
and  the  emitter  Junction  is  reverse  biased. 
Current  flows  from  BASE  1  to  BASE  2, 
but  this  current  is  small  and  is  only  used 
to  develop  the  voltage  for  biasing  one  side 
of  the  Jwiction.  When  the  voltage  on  the 
emitter  exceeds  the  voltage  at  point  C,  the 
Junction  will  become  forward  biased,  and  the 
UJTwUl  "FIRE"  or  turn  on. 

4-6.  Elefer  to  Figure  4-3B.  With  forward 
t>ias,  the  emitter  to  Bl   resistance  will 
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Figure  4-3.  Unijunction  Equivalent  Circuits 
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decreaae  to  a  very  Low  value.  The  docrease 
In  rosldtance  causes  the  voltage  at  point  C 
to  drop  to  EL  low  value  (3  volts  InthU 
example).  The  low  emltter-Bl  realatance 
acta  like  a  closed  awitch  and  a  large  cur- 
rent will  flow  through  the  junction.  The  cur- 
rent will  flow  from  Bl  to  the  emltteri 
through  A2  to  Vgg.  Thia  large  current 
through  R2  will  cause  the  voltage  at  point  £ 
to  drop  to  poaitive  3.1  volta.  The  emitter 
is  forward  Uaaed  by  *1  volt  and  will  remain 
on  as  long  as  forward  bias  ia  applied  In 
the  ''ON"  atate  (forward  biaaed)  the  UJT 
la  operating  at  saturation  (maximum  current)* 

4-S*  The  Rl  and  R2  divider  Ifl  used  to 
rep  reaent  any  aenslng  device  which  can  change 
the  emitter  voltage.  To  simulate  the  action 
of  the  sensing  device  and  ita  effect  on  the 
UJT|  we  will  increase  the  value  of  Rl* 
The  voltage  across  Rl  would  increase  which 
will  forward  bias  the  UJT  ^nd  fire  it.  U 
its  resistance  is  then  decreased,  the  forward 
bias  is  removed  and  the  UJT  will  turn  oft. 
The  time  required  to  change  states  from  on 
to  oft  or  vice  versa  is  called  the  "switching 
time."  The  switching  time  for  the  uni- 
junction is  only  a  fraction  of  a  microsecond 
or  a  million  times  faster  than  conventional 
switching  devices* 

4-10.  Figure  4-4  shows  a  characteristic 
curve  of  a  unijunction  transistor,  plotting 
emitter  voltage  versus  emitter  current*  From 
0  to  12*8  volts  (point  A  to  point  B)  at  the 
bottom  of  the  chart  is  the  area  of  emitter 
cutoft.  During  cutoft,  a  very  small  amount 
of  reverse  bias  current  (leaJcage  current) 
will  flow  in  the  emitter.  However,  this  cur- 
rent is  from  .2  to  12  microamperes  and 
cannot  be  plotted  on  the  graph  which  is 
calibrated  in  mlUlamperes*  Forward  bias 
occurs  at  the  peak  voltage  point  (point  B), 
The  unijunction  fires  and  emitter  current 
increases.  The  emitter  voltage  wllldecrease 
to  point  C  called  the  valley  voltage  point 
The  area  between  points  B  and  C  is  called 
the  ''negative  resistance  area"  because  the 
emitter  current  increases  as  the  emitter 
voltage  decreases.  The  time  required  to 
change  from  point  B  to  point  C  is  the 
switching  time*  When  the  UJT  1^  fired,  the 
negative  resistance  properties  of  the  device 
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Figure  4-4.  Unijunction  Characteristic  Curve 

cause  a  very  rapid  change  from  the  ''off" 
to  ^'oii"  conditions  orvlceversaandaccounts 
for  its  fast  switching  time* 

4-11,  From  our  discussion  of  the  unijunction 
it  can  be  seen  that  it  la  merely  a  voltage 
controlled  switch*  it  may  be  used  in  many 
applications  requiring  a  switching  or  control 
device*  One  application  of  the  UJT  la  as  a 
waveform  generator  and  will  be  discussed 
later. 

4-^12.  Field  Effect  Transistors 

4-13.  NPNand  PNPtransistorsarecurrent- 
controlled  devices,  and  have  a  low  input 
impedance.  The  field  effect  transistor  (FET) 
is  a  voltage-controlled  device^  and  has  a 
high  input  impedance.  This  semiconductor 
device  operates  on  electrostatic  prindplesi 
and  IS  used  in  transmltterSi  receivers,  test 
instrumentSi  and  other  electronic  devices. 

4-14.  The  FET  devices  can  be  divided  into 
two  main  groups:  the  Junction  Field  Effect 
Transistor  (JFET)  and  the  Metal  CMde  Semi- 
conductor Field  Effect  Tran8tstor(MOSFET}. 
We  will  first  discuss  the  characteristics  of 
the  Junction  Field  Effect  Transistor. 

4-^15.  JFETs  are  either  N-type  or  P-type. 
For  discussion  purposes,  we  use  the  N-type 
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Figure  4-5.    N-Type  Junction  (JFET)  Field 
Effect  Transistor 

JFET,  although  the  P-type  construction  and 
operation  use  the  same  basic  principles^ 
Let's  start  with  a  bar  of  N-type  silicon 
crystal,  shown  in  Figure  4-5A. 

4-16.  The  two  connections  labeled^'source" 
and  ''drain"  are  simply  ohmic  type  con- 
nections to  each  end  of  the  N-type 
crystal .  A  P-type  region  is  processed 
Into  the  bar  (Figure  4-5A  and  B)> 
and  an  ohmlc  contact  is  made  to  this  region. 
This  connection  is  called  the  "gate.''  The 
gate  can  be  compared  to  the  base  of  a  con- 
ventional transistor, 

4-17,  Figure  4-5B  shows  how  an  N-bar 
JFET  is  connected  to  external  power  sources 
for  proper  operation.  The  drain  is  connected 
through  to  the  positive  terminal  of  the 
drain  supply  (V^^)^  and  the  source  to  the 
negative  terminal  of  V^^,  The  drain  current^ 
Id*  flows  through  the  JFET  from  source  to 


drain  andthroughtho  external  circuit  as  shown 
by  the  arrowa.  Ignoring  the  action  of  the  gate 
for  the  moment^  Id  Is  limited  by  Bx^  and  the 
resistance  of  the  N-type  material. 

4*18.  The  gate  is  connected  to  the  negative 
terminal  of  the  gate  supply,  VqG'  Th^  posi- 
tive termlnalof  VQQis  returned  to  the  source. 
This  connection  reverse  biases  the  gate- 
source  PN  Junction.  With  the  gate  reverse 
biased,  the  only  gate  current  flowing  is  an 
extremely  small  reverse  current.  For  the 
moment^  let's  assume  the  gate  voltage  Is 
zero.  As  drain  current  flows  through  the 
JFET»  a  voltage  gradient  is  produced  along 
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Figure  4-6,     Effects  of  Changing  on 
Channel  and  Drain  Current 
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the  bar  wlttt  v61tage£i  ttut  arc  positive  with 
rcapect  to  tho  aourco,  Tlila  will  alao  roverao 
bias  tho  gato  PN  Junction*  Whenever  a  PN 
Junction  la  reverse  blaaod,  a  depletion  region, 
void  of  current  cariiora,  la  set  up  around 
the  Junction.  This  Is  shown  In  Figure  4'-6A« 
The  drain  current  cannot  flow  Inthe  depletion 
regions,  since  no  current  carriers areavalN 
able.  Therefore,  drain  current  Is  confined  In 
the  space  between  the  depletion  regions.  This 
space  Is  referred  to  as  the  ^'channel."  As 
the  drain-source  voltage  (Vds)^^  Increased, 
the  drain  current  Increases.  However,  the 
increase  In  drain  current  la  nonlinear. 

4*19.  Refer  to  Figure  4-OB*  Note  that  a 
change  In  drain-source  voltage  from  2  to  4v 
results  In  a  change  of  drain  current  from 
.6  to  .95  mA  (A^D  '  ^^^^  ^^'^  However,  a 
change  In  V^^g  from  4*6v  produced  a  change 
In  l£)  from  .95  to  I  mA  (AID  =  0-05  mA), 
This  Is  because  the  reverse  bias  on  the  gate 
PN  junction  Increases  as  the  drain  current 
increases.  This  causes  an  Increaae  In  the 
size  of  the  depletion  regions,  causing  them 
to  extend  further  Into  the  channel  as  shown 
In  Figure  4-6B.  Thus,  as  drain  current 
Increases,  It  causes  a  decrease  In  channel 
width,  which  tends  to  oppose  an  increase  In 
drain  current. 

4-20.  Increasing  the  drain-source  voltage 
even  further  causes  the  depletion  regions  to 


lUmost  conic  together^  aw  yhowii  In  Figure 
4*flC.  When  this  condition  Is  present,  (urtlicfr 
Increases  In  drain^source  voltage  cauao  little 
Increase  In  drain  current.  Thus,  drain  current 
is  at  its  saturated  value. 


4*21.  The  point  where  drain  current  reaches 
Its  saturated  value  Is  referred  to  as  "channel 
plnch*off."  If  the  drain-source  voltage  is 
ULcreased  too  far,  breakdown  of  the  reverse 
biased  gate  Junction  occurs.  This  causes  a 
high  Id  and  the  JFET  Is  destroyed.  This 
action  can  be  seen  on  the  characteristic 
curve  for  an  N-type  JFET  in  Figure  4-7. 
With  zero  gate-source  voltage  (VQs)f  pinch- 
off  occurs  when  *^  approximately  4 
volts  and  Iq  is  ,95  mA. 

4-22.  Control  of  the  channel  plnch-of£ 
point  can  be  obtained  by  varying  the  negative 
gate  potential  with  respect  to  the  source. 
As  the  gate  voltage  is  increased  (made 
more  negative  In  respect  to  source)  the 
depletion  regions  are  extended  further  into 
the  channel*  This  Causes  channel  pinch-off 
to  occur  at  a  lower  drain-source  voltage, 
and  thus  causes  a  lower  drain  current. 
Therefore,  drain  current  can  be  controlled 
by  gate  voltage.  Making  the  gate  more 
negative  decreases  current,  and  vice  versa. 
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Figure  4-7.  N-Type  JFET  Characteristic  Curve 
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Figure  4-8.  N-iype  JFET  CharacterlsUc  Curves 


4-23,  Figure  4-8  shows  the  family  of  curves 
for  the  N-type  JFET*  Point  A,  B,  and  C  on 
the  curves  show  where  the  channel  pinch-off 
occurs*  Note  that  making  the 
negative  reduces  channel  pinch-off  and  also 
drain  current.  If  Vqq  is  made  negative 
enough,  drain  current  becomes  almost  2ero. 
This  value  of  Vq^  is  called  the  "pinch-off 
voltage"  (Vp) .  Vou  will  notice  that  small 
changes  in  gate  voltage  {V^g)  produce  large 
changes  In  drain  current  (Ip).  The  gate  is 
therefore  used  as  the  controlling  element  of  , 
the  JFET. 

4-24.  The  <Jeflignatlon  "unipolar"  is  often 
given  to  a  FET  device.  Unipolar  spectres 
a  device  which  essentially  contains  one  type 
of  current  carriers,  either  holesorelectrotis, 
but  not  both  as  in  the  bipolar  NPN  and  PNP 
transistors. 

4-25.  The  term  "field  effect"  stems  froni 
the  fact  that  the  *  resistance  ot  the  silicon 
bar  and  the  resultant  drain  current  are 
aTfected  by  varying  the  electrostatic  field 
at  the  gate* 


4-26.  Figure  4-9  shows  the  standard  symbol 
for  the  N-type  and  P-type  junction  FETs, 
with  their  electrodes  and  polarities  labeled. 
The  bar  is  P  material  on  the  P-type  JFET^ 
and  the  bar  is  Nmaterlallnthe N-type  JFET. 
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Figure  4-d.    Junction  FET  Symbols 
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Figure  4*10.  Common  Source  Amplifier 


4-27.  Figure  4-10  shows  the  JfET amplifier 
circuit  in  one  of  the  three  circuit  configura- 
tions that  may  be  employed,  the  common 
source  amplifier*  In  Figure  4-10A,  the  input 
signal  is  applied  to  the  gatei  and  the  output 
is  taken  from  the  dralni  with  the  source 
common  to  Input  and  output.  Resistor  Rq 
is  used  to  develop  the  input  signal|  Vqq 
Is  the  gate  supply  voltage.  is  the  drain 
load  resistori  and  is  the  drain  supply 
voltage.  With  the  application  of  a  positive 
input  signal,  the  negative  gate  Voltage  will 
decreasei  which  increases  drain  current. 
This  would  cause  drain  voltage  (V^^j)  to 
decrease  causing  the  output  signal  to  go  In  a 
negative  dlrectioni  A  negative  input  signal 
would  increase  gate  voltage,  drain  current 
would  decrease  and  the  output  signal  would  go 
more  positive*  ThuS|  the  signal  is  shifted 
160^  2S  It  passes  through!  the  JFET.  Figure 
4-lOB  shows  the  common  source  amplifier 
with  Vqg  removed  and  Rs  added*  Rg^sp^^*^^*^ 
in  the  source  lead  to  develop  the  gate- 
source  bias  voltage  as  aselfbiaslng network. 
CI  b5rpasses  the  signal  around  Rg  preventing 
degeneration.  Drain  current  through  RqwUI 
develop  a  voltage  drop  of  the  ^arity  shown* 
The  gate  is  connected  to  tht;  negatlveend 
of  Rs  while  the  source  is  on  the  positive 


end.  Thus  the  gate  is  made  negative  with 
respect  to  the  source,  providing  the  desired 
reverse  bias  for  the  gate. 

4-26i  As  with  conventional  transistorS|  the 
JFET  niay  be  connected  in  a  commonsourcei 
common  gatei  or  common  drain  configuration. 
These  may  be  compared  to  the  common 
emitteri  common  basei  and  common  collector 
configurations  respectively.  Each  configura- 
tion has  the  same  input-output  signal  phase 
relationship  as  the  conventional  transistor* 
In  contrast  however,  the  input  signal  of  the 
JFET  is  applied  to  a  reverse blasedjunctton, 
while  in  the  transistor  the  input  is  applied 
to  a  forward  biased  junction* 

4-29*  The  input  impedance  for  the  JFET 
therefore  is  much  higher  than  conventional 
transistors.  Due  to  the  reverse  biased  input 
of  the  JFET|  its  interelement  capacitance  is 
very  low*  As  you  recall  the  input  interelement 
capacitance  is  one  factor  which  limits  the 
high  frequency  response  in  conventional  tran- 
sistor ampllfierSi  Two  characteristics  of  the 
JFET  therefore  are  Its  high  input  impedances 
which  make  it  useful  In  test  equipment  and 
its  low  interelement  capacitance  enabling 
operation  In  high  frequency  circuits* 
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Figure  4*1  L     Cut*Away  View  of  MOSFET 
(N- Channel) 

4-30.  The  field  effect  translstoris  a  constant 
current  device.  That  is^  beyond  a  certain 
point  (channel  pinch-off)  changes  In  drain 
voltage  cause  almost  no  change  In  drain 
current.  Drain  current  is  controlled  entirely 
by  gate  voltage.  Therefore,  one  of  the  most 
Important  dynamic  characteristics  of  a  JF£T 
is  how  much  change  In  drain  current  is 
produced  by  a  given  change  in  gate  voltage. 
This  characteristic  is  referred  to  as  "trans- 
conductance"  (gm).  It  is  the  ratloof  a  change 
in  drain  current  to  a  change  in  gate  voltage, 
holding  Vjpg  constant. 


gm  = 


GS 


p  Vjp^  constant 


The  unit  for  trans  conductance  is  the  mho, 
and  is  equal  to  1  ampere  divided  by  1  volti^ 
As  an  example,  refer  to  points  X  and  Y  in 
Figure  4-8.  A  change  in  V^g  from  0  volts 
(point  X)  to  -.8  volts  (point  Y)  causes  a 
change  In  drain  current  from  1,^05  mA  to 
A  mA.  The  gm  is  therefore: 


GS 


.65  X  10  amperes 
ETff  "volt  s 


=    .8125  X  10  mho 

The  unit  "mho"  is  generally  too  large  for 
most  specifications.  Generally,  gm  Is 
expressed  in  mllli-  or  micromhos.  Thus 
.8125  X  lO"''  niho  becomes  812.5  micromhos. 
Transconductance  (gm)  is  a  figure  of  merit 
for  the  JFET.  The  higher  the  value  of  gm 
the  greater  the  ampliiytngabilltyofthe  JFET. 


Although  the  JFET  is  a  great  Improvement 
over  the  conventional  transistor^  It  also  has 
limltntions.  The  small  amount  of  reverse  bias 
gate  current  >vhich  is  drawn  from  a  signal 
source  would  produce  some  loading  of  that 
source,  To  reduce  this  loading  effect  and  to 
improve  frequency  response^  an  Improved 
type  FET  was  developed. 

4-31.  The  second  type  of  FET  is  the  Metal 
Oxide  Semiconductor  (MOS),  usually  referred 
to  as  a  MOSFET.  The  basic  operation  is 
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Figure 4-12.  N-ChannelDepletlonType  MOSfET 
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Figure  4-13*   N-Channel  Enhancement  Type 
MOSFET 

similar  to  the  JFET*  Howeveri  due  to  design 
characteristics!  the  MOSFET  has  a  higher 
Input  Impedance  andalowerinputcapacltance 
than  the  JFET.  The  physical  constructlonof  a 
MOSFET  Is  shown  In  Figure  4*11*  Ohmlc 
contacts  are  made  to  a  section  of  N-type 
material  to  form  the  source  and  drain*  This 
Is  called  the  channel  material*  The  channel 
material  is  chemically  Joined  with  P*type 


material  callod  tho  BULK  or  sub^trato.  Tho 
N*channel  and  P-substrato  forma  PNJunctlon 
and  have  all  tho  characteristics  of  the  PN 
Junction.  An  Insulator  consisting  of  an  oxide 
layer  is  placed  betweenthe  source  and  drain. 
A  metal  gate  is  deposited  over  the  oxide 
layer  and  a  connection  is  made  to  the  gate^ 
MOSFETs  are  sometimes  referred  to  aS 
"insulated  gate"  FETs  or  IGFETs.  The 
metallic  gate  and  channel  material  form  the 
plates  of  a  very  small  capacitor.  CUrreat 
flows  from  the  source  to  drain  through 
the  channel  Immediately  below  the  gate.  The 
amount  of  current  will  depend  on  channel 
doplngf  gate,  and  drain-source  voltages* 

4-^32*  MOSFETs  are  classified  as  depletion 
or  enhancement  types*  The  depletion  type 
has  Its  channel  doped  heavily  to  allowalarge 
amount  of  drain  current  flow  with  a  small 
drain-source  voltage  applied*  The  enhance- 
ment type  has  a  very  lightly  doped  channel 
which  allows  a  small  amount  of  Iq  flow* 

4-33.  Figure  4-12A  and  4-13A  show  the  N- 
channel  depletion  and  enhancement  MOSFETs 
with  no  circuit  connections.  Note  that  there 
Is  a  depletion  region  at  the  Junction  between 
the  channel  and  substrate.  This  will  form  a 
channel  through  which  Id  will  flow.  As  you 
recall  from  the  discussion  of  PN  JunctlonSi 
the  width  of  the  depletion  region  is  dependent 
upon  percentage  of  doping*  Since  the  enhance* 
ment  MOSFET  Is  UghUy  doped,  Its  barrier 
width  Is  large  and  the  resultant  channel  Is 
small* 

4-34*  When  a  voltage  is  applied  to  the 
MOSFEl*  drain  and  source,  drain  current  will 
flow  In  the  channel.  In  Figures  4*12fi  and 
4-13fi|  note  that  a  large  amount  of  Iq 
will  flow  In  the  depletion  type  and  a  small 
l£)  flows  In  the  enhancement  type*  Drain 
current  through  the  channel  produce  a 
voltage  drop  In  the  channel  which  becomes 
more  positive  as  we  go  from  source  to 
drain*  This  changes  the  amount  of  reverse 
bias  and  the  barrier  width  from  source  to 
drain. 

4-35*  In  Figure  4-120,  we  can  see  the 
effect  of  applying  a  negative  voltage  to  the 
gate*  This  negative  gate  potential  makes  the 
N-channel  more  positive*  Remember,  the  gate 
Is  one  plate  of  a  capacitor  and  the  N-channel 
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Figure  4*14.  MOSFETSymbolfl 

Is  the  other  pUte.  Making  the  gate  negative 
Increases  the  reverse  bias betweenthe  channel 
and  substrate.  The  Junction  barrierlncreases, 
channel  width  decreases,  and*  drain  current 
de  creases.  The  refo  re,  the  depletion  N-type 
MOSFET,  a  negative  gate  voltage  will  decrease 
drain  current* 

4-36.  Figure  4-13C  shows  the  enhancement 
fype  MOSFET  with  a  positive  gate  voltage. 
This  causes  the  channel  to  become  le£»s 
positive,  reducing  the  reverse  bias  between 
channel  and  aubstratd.  Notice  barrier  width 
decreases,  channel  width  increases,  and  a 
larger  drain  current  will  flow.  The  gate 
voltage  for  both  fyped  of  MOSFETfl  will 
establish  the  operating  point.  The  input 
signal  applied  to  the  gate  will  alternately 
add  to  and  subtract  from  the  gate  voltage, 
and  will  cause  Iq  to  vary  accordingly*  The 
schematic  symbols  for  MOSFETfl  are  flhown 
in  Figure  4^14.  You  will  note  that  the 
MOSFET  can  be  manufactured  with  the  N- 
channel,  as  we've  discussed,  or  with  the  P- 
channel.  With  P-Channel  MOSFET,  all  voltage 


polarities  will  be  rovoraed,  and  drain  current 
will  flow  in  the  opposite  direction.  Tho  arrow 
on  the  Bulk  lead  pointing  "in"  represents  an 
N-Channel  device,  and  pointing  "out,"  the  P- 
Channel.  The  solid  line  between  the  source 
and  drain  represents  a  depletion  type  and  a 
broken  line  the  enhancement  type.  The  gate, 
which  does  not  touch  the  other  elements, 
represents  the  insulated  gate. 

4-37.      Basic  circuit  applications  for  the 
MOSFET  are  the  same  as  the  JFET.  Figure 
4*15  shows  the  N^Channel  depletion  MOSFET 
In  a  common  source  configuration. 

4-38.  Due  to  the  insulated  gate^  the  input 
impedance  for  the  MOSFET  is  extremely 
high  (lO'^  ohms)  and  the  interelement 
capacitance  is  extremely  low.  This  maices  the 
MOSFET  very  useful  for  frequencies  well 
above  the  range  of  the  ordinary  transistor 
and  in  circuits  requiring  high  input  impedance 
amplifiers*  For  this  reason,  MOSFETs  are 
employed  in  electronic  voltohmmeters  and 
other  electronic  test  equipment. 

4-39.  Tunnel  Diodes 

4*40.  THE  TUNNEL  DIODE  is  a  two-element 
device  which  can  operate  as  a  conventional 
diode,  amplifier,  or  oscillator.  Like  the 
unijunction,  JFET,  and  MOSFET  previously 
discussed,  the  Tunnel  Diode  is  also  a  special 
semiconductor  device.  Some  of  the  advantages 
of  the  tunnel  diode  over  transistors  are 
smaller  size,  greatertemperature  range,  and 
higher  resistance  to  radiation.  The  tunnel 
diode  talces  its  name  from  a  "tunnel"  effect - 
a  process  wherein  a  particle  can  disappear 
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Figure  4-1 S.  N-Channel,  Depletion  Type 
MOSFET  (Common  Source  Configuration) 
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Figure  4^16.  Tunnel  Diode  Energy  Levels  and  Curve 


from  one  side  of  potentiai  barrier  and 
appear  Instantaneously  on  the  other  side, 
even  though  it  does  not  have  enough  energy 
to  surmount  the  barrier.  It  is  as  If  the 
particle  "tunnels"  underneath  the  barrier. 
In  discussing  the  operation  of  the  tunnel 
diode,  refer  to  Figure  4-16G. 

4*41.    In  the  case  of  the  tunnel  diode,  the 
barrier  Is  the  space  charge  or  depletion 
region  of  a  PN  Junction,  This  is  the  same 
barrier  which  prevents  current  from  flowing 
In  the   reverse  direction  In  the  ordinary 


PN  junction  diode.  In  the  tunnel  diode,  this 
barrier  Is  made  extremely  thin  (less  than 
a  millionth  of  an  Inch)  by  doping  It  very 
heavily^  Compare  the  barrier  of  a  con* 
ventlonal  diode  In  Flgu]:e  4-'16A  to  the  barrier 
of  the  tunnel  diode  In  Figure  4^1€B,  The 
barrier  of  the  tunnel  diode  is  so  thin  that 
penetration  l^y  means  of  the  tunnel  effect 
becomes  possible  with  a  small  forward  bias 
voltage  (Figure  4^1€C).  With  a  further 
increase  in  forward  bias  voltage,  current 
decreases,  giving  the  effect  of  "negative 
resistance."  Negative  resistance,  from  our 
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pnjceocUntf  discussion  on  tho  unijunction, 
appears  when  an  Incroasc  In  voLtago  across 
a  roslfitor  rosuLtfi  In  a  ducreafic  in  curront 
through  tho  resistance. 

4-42.  Hocall  that  In  an  atomic  structure, 
electrons  cannot  exist  In  the  forbidden  band. 
AIsO|  recall  that  the  nuniber  of  holes  In  the 
valence  band,  or  electrons  In  the  conduction 
band,  can  be  controlled  by  adding  either 
acceptor  or  donor  Impurities  to  the  semi- 
conductor crystal.  Acceptorlmpurltlesaddto 
the  number  of  holes  in  the  valence  band, 
and  donor  Impurities  add  more  electrons  to 
the  conduction  band.  In  this  way,  P-type 
(holes  in  the  valence  band)  and  N-type 
(electrons  In  the  conduction  band)  material 
can  be  built  Into  a  single  crystal  lattice 
structure.  As  we  already  know,  the  Inter- 
section of  these  two  regions  Is  called  a  PN 
Junction. 

4-43.  Figure  4-16A  Illustrates  the  energy 
level  diagram  of  a  conventional  diode.  The 
N-type  material  has  many  free  electrons  In 
the  conduction  band,  and  the  P-type  material 
has  many  holes  In  the  valence  band,  the 
diode  having  been  properly  doped  for  this 
effect.  The  barrier  height  Is  relatively  small 
and  the  barrier  width  Is  relatively  large 
compared  to  those  In  Figure  4-16B. 

4'44.  Figure  4'16B  Illustrates  an  energy 
level  diagram  of  a  tunnel  diode.  Because  It 
is  doped  much  more  heavily  than  the  con- 
ventional diode  in  Figure  4-16A,  the  barrier 
height  Is  very  large  and  the  barrier  width 
Is  extremely  narrow.  Further,  notice  that  the 
energy  level  of  the  holes  In  P*type  material 
are  aligned  with  the  free  electrons  of  the 
N-type  material.  This  situation  exists  with 
no  bias  voltage  on  the  diode.  There  Is,  for 
all  practical  purposes,  no  current  this 
time.  The  condition  with  zero  bias  voltage 
and  no  current  flow  Is  designated  (1)  In 
Figure  4-16F. 

4-45.     When  a  small  forward  bias  voltage 
is  applied  tc>  a  tunnel  diode,  as  shown  In 
Figure  4-16C,  thefreeelectronsoftheN-type 
material  are  raised  In  energy.  Even  though 
they  appear  not  to  have  sufficient  energy 


to  travel  up  the  potential  Wll"  (or  overcome 
the  Junction  barrier),  they  will  row  '^tunnel" 
through  th€  barrier  and  rccomblnc  with  holcct 
In  the  P-type  material.  This  '^tunneling" 
action  results  In  a  relatively  high  current 
through  the  tunnel  diode  (Refer  to  (2)  In 
Figure  4-16F). 

4-46.  As  forward  bias  Is  Increased  further, 
the  free  electrons  are  raised  In  energy  and 
become  more  aligned  with  forbidden  band  of  the 
P'type  material.  The  current  flowduetotun- 
neling  now  decreases. When  the  free  electrons 
are  exactly  aligned  with  the  forbidden  band 
of  the  P*type  materials.  Figure  4-16D,  cur- 
rent through  the  tunnel  diode  Is  at  a  mini- 
mum (Flgure4-16F  Point  3).  The  region  where 
Increasing  forward  bias  (E  Increasing)  causes 
current  to  decrease  through  the  device  (I 
decreasing)  is  referred  to  as  the  ^'negative 
resistance"  (-R)  region  (Figure  4-16F).  This 
region  Is  also  referred  to  as  the  normal 
operating  region. 

4-47.  Figure  4-16E  Illustrates  the  energy 
level  diagram  when  the  forward  bias  on  the 
tunnel  diode  Is  Increased  still  further.  Notice 
the  similarity  between  the  conventional  diode 
of  Figure  4^16A  and  the  tunnel  diode  of 
Figure  4-16E.  The  tunnel  diode  now  acts  as 
a  convnetlonal  diode.  (Note  characteristic 
curve  marked  (4)  In  Figure  4-16F.) 

4-48.  To  summarize  the  discussion,  refer 
to  the  characteristic  curve  for  a  tunnel  diode 
(Figure  4-16F).  Point  (1)  represents  zero 
current  and  zero  voltage,  as  shown  In  the 
energy  level  diagram  In  Figure  4-16B.  As 
forward  bias  Increases  (point  (1 )  to  point  (2), 
the  tunnel  diode  current  Increases  rather 
rapidly.  Point  (2)  on  the  curve  represents 
the  ''peak  point"  where  the  current  reaches 
a  maximum  value.  This  Is  represented  in 
Figure  4*16C.  As  forward  bias  Is  Increased 
still  further,  moving  from  point  (2)  to  point 
(3)  on  the  curve,  current  begins  to  decrease. 
This  is  because  the  free  electrons  are  aligning 
themselves  with  the  forbidden  band  of  the 
P-type  material  (Figure  4-16D).  At  point  (3) 
the  current  Is  minimum  (valley  point)because 
the  free  electrons  are  apposite  the  forbidden 
band  of  the  P-type  material.  The  area  between 
point  (2)  and  point  (3)  is  called  the  negative 
resistance  region  because  asvottage  (forward 
bias)  increases,  current  decreases. 


Figure  4-17,  Comparison  of  Volt  Ampere  Curves  for  Germanium  and  Gailium  Arsenide 

Tunnel  Diodes 


4-49.  As  forward  bias  is  increased  beyond 
point  {Z)t  current  again  increases.  The 
tunnel  diode  from  here  on  will  act  as  a  con- 
ventional diode^  {Figure  4**16A),  To  getsome 
idea  of  the  magnitude  of  voltage  and  cur^ 
rents  involved^  look  at  Figure  4-17,  Ger- 
manium tunnel  diodes  reach  their  first  peak 
at  about  0.1  volts.  The  totai  negative  resist- 
ance region  covers  approximately  400  mv^ 
with  a  power  level  of  10"^  to  10'^  watts. 

4-50,  VaraCtor 


UNBIASED  PN  JUNCTION 


REVERSE  BIASED  PN  JUNCTION 
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Figure  4-18.  Unbiased  and  Reverse 
Biased  PN  Junction 


4-5 1.  The  varactor  is  a  voltage 
controlled  semiconductor  capacitor.  To 
understand  Its  principle  of  operation^  let's 
review  the  FN  Junction  As  you  recall^ 
when  a  FN  junction  is  biased  in  the  reverse 
direction^  the  electrons  in  the  N-type  materiai 
are  drawn  toward  the  positive  battery 
termlnai.  The  holes  In  the  F-type  material 
are  drawn  toward  the  negative  battery  ter* 
minal*  Assuming  an  ideal  diode^  all  of  the 
carriers  would  be  pulled  away  from  the 
junction;  therefore,  no  carriers  would  exist 
in  the  barrier  region.  This  situation  will 
remain  as  long  as  a  reverse-bias  voltage  of 
constant  amplitude  is  applied  to  the  FN 
junction  (refer  to  Figure  4-18). 

4-52.  Electrical  charges  are  held  captive 
in  the  diode^  separated  by  an  area  where  no 
carriers  are  present.  In  other  words,  the 
semiconductor  diode  forms  a  capacitor  with 
the  N-  and  F-type  materials  acting  as  plates^ 
and  the  barrier  as  the  dielectric, 

4-53.  As  you  recall^  the  formula  for 
capacitance  is  C  ■  K  A. 

D 

A  =  plate  area 

K  =  dielectric  constant 

D  ~  distance  between  plates 
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Figure  4-L0«  Varactor  St/mboL 

4-54^  If  the  value  of  the  reverae-blaa 
voltage  la  Increased  from  Itii  previous  value, 
carriers  move  farther  away  from  the  junction, 
(<Ustance  between  plates  increased)  and  the 
value  of  the  resulting  capacitor  decreases* 
If  the  value  of  the  reverse-^blas  voltage 
is  decreased  from  a  previous  value,  carriers 
move  closer  to  the  junction,  and  the  value  at 
the  resulting  capacitance  Increases.  ThuSf  the 
value  of  the  capacitor  is  dependent  upon  the 
value  of  the  applied  reverse^blas  voltage* 

4-»55*  This  capacltive  effect  Is  present  In  all 
semiconductor  diodes;  It  Is  increased  by 
suitable  doping  and  manufacturing  control  to 
produce  a  VAAACTOR*  We  can  now  see  from 
our  discussion  that  a  varactor  la  a  special 
type  of  semiconductor  diode  which  produces  a 
capacltive  effect  that  Is  dependent  upon  the 
value  of  the  applied  reverse-bias  voltage. 
The  schematic  symbol  is  shown  In  Figure 
4*19. 

4-56,  The  relationship  between  reverse  bias 
voltage  (Vp)  and  capacitance  for  a  typical 
varactor  is  shown  in  Figure  4-2D,  The  ratio 
of  maximum  to  minimum  capacitance  that  can 
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Figure  4*20.  Varactor  Reverse  Bias  Versus 
Capacitance 
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Figure  4*21.  Silicon  Controlled  Rectifier 
(SCR)  Structure  and  Schematic  Symbol 

be  obtained  from  a  varactor  is  determined 
try  the  range  of  the  reverse  voltage  Vp. 
Observe  that  greatest  capacitance  values 
occur  at  low  values  of  Vp.  The  upper  Vp 
limit  IS  fixed  by  the  breakdown  voltage  rating 
of  the  diode,  and  the  lower  Vp  limit  is  fixed 
by  zero  volts  reverse  bias*  The  varactor 
can  be  used  In  almost  at^  application  requiring 
a  variable  capacitor, 

4*57,  Slllcoa  Controlled  Rectifier 

4-^58,  Just  as  P*  and  N-»type  semiconductor 
materials  can  form  a  two-layer  PN  device 
(dioda)t  oth«r  semlcoaductordevlces  are  built 
up  of  three  or  more  alternate  layere  of  P 
and  N  materials.  Most  transistors  are  three- 
layer  devices  of  either  PNPorNPNstructure 
and  contain  two  PN  Junctions,  Four  layers 
create  a  PNPN  device,  which  has  three 
junctions.  A  large  number  of  appUcations 
have  been  found  for  the  vartous  four-layer 
devices,  since  these  units  have  certain 
characteristics  which  make  them  superlorto 
the  two-  and  three-layer  devices  for  certain 
control  actions,' 

4-59,  The  SILICON  CONTROLLED  RECTI* 
FIER  (SCR)  is  basically  a  4  layer  (PNPN) 
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Figure  4-22.  Blaa  on  SCR  junctions 


semiconductor  device  having  three  electrodes: 
a  CATHODE,  an  ANODE,  and  a  control 
electrode  calledthe  GATE,  as  showi in  Figure 
4-21  along  with  its  schematic  symbol.  The 
term  RECTIFIER  is  commonly  used  in 
referring  to  drcxiitsordeviceswhich conduct 
current  primarily  in  one  direction,  such  as 
the  Junction  diode.  The  SCR  differs  from 
conventional  rectifiers  in  that  it  will  not 
conduct  a  substantial  amount  current  when 
forward  bias  is  applied  to  the  anode  and 
cathode  until  a  certain  minimum  voltage  is 
reached.  The  value  of  this  potential  can  be 
varied  or  controlled  by  the  use  of  anesctemal 
signal  at  the  control  electrode  {gate)  of  the 
SCR.  This  unique  control  characteristic 
makes  the  SCR  particularly  useful  in 
power*cont rolling  devices,  especially  in 
high-power  circxiits* 

4*60.  Figure  4*22  shows  the  SCR  properly 
connected  in  a  circuit  that  can  be  used  to 
determine  its  forward  biased  characteristics* 
The  supply  voltage  causes  the  anode  to  be 
positive  with  respect  to  the  cathode  (forward 
bias).  The  resulting  electrostatic  ileldthrough 
the  device  causes  electron  carriers  to  be 


attracted  toward  the  anode,  and  hole  carriers 
to  be  attracted  toward  the  cathode*  At  Junction 
Jli  holes  tn  section  S4  are  repelled  by  the 
positive  anode  potential  and  move  toward 
J^.  In  section  S3,  electrons  are  attracted 
toward  the  positive  anode  and  move  toward 
J|*  A  similar  action  taJce  a  place  in  sections 
S|  and  S2  to  bias  J3*  Since  majority  carriers 
moved  toward  the  Junctions,  we  spealc  of  these 
Junctions  as  being  forward  biased.  Majority 
carriers  move  away  from  junction  J2  and  so 
It  is  reverse  biased.  Conduction  from  cathode 
to  anode  would  occur  if  J2  were  not  reverse 
biased.  The  movement  of  carriers  is  only  a 
momentary  condition,  and  will  cease  when 

the  reverse-^biasingpotential  across  ^2^^^^ 
the  anode-to*cathode potential*  The SCRis now 

in  its  non-conducting  or  OFF  state* 

4-61*  Conduction  (or  the  ON  state)  can  be 
achieved  by  one  ot  two  means.  The  first  1^ 
to  increase  the  anode*to*cathode  potential 
until  the  device  breaks  over  into  conduction. 
The  potential  at  which  this  breakover  occurs 
is  caUedtheFOBWARDBREAKOVERPOTEN- 
TIAL.  Once  breakover  occurs  and  conduction 
resultSf  the  anode*to* cathode  voltage  (V^  In 
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Figure  4-^234  Achieving  Conduction  by  Gating 


Fi^re  4*22)  decreases,  due  to  the  Increased 
voltage  drop  across  Rl*      ^^^^  glance,  it 
would  appear  that  there  is  no  longer  enough 
potential  acroas  the  SCR  to  maintain  the 
brsakove  r  condition,  Howeve  r,  this  conducting 
condition  will  conUnue.  Recall  that  ajunctlon 
is  said  to  be  reverse-blasedwhenMAJORITY 
carriers  are  attracted  away  from  the  junction. 
Recall  also  that  reverse  bias  for  majority 
carriers  is   forward  Was  for  MINORITY 
carriers  (holes  in  N-type  material,  free 
electrons  in P-type  material),  Forwardbreak- 
over   is   based  on  the  following  concept. 
Electrons    (from    section   S[)  cross 
attracted  by  the  posiUve  anode  potential.  If 
S|  is  more  heavily  doped  than  is  S2,  and 
the  anode  potential  Is  sufficiently  large,  some 
of  the  electrons  crossing  J3  will  NOT  meet 
holes  and  combine,  because  all  the  holes 
will  have  already  combined  with  electrons, 
TWa  condition  is  called  "saturation,"  Those 
that  do  notcombine  act  like  minority  carriers, 
since  they  are  electrons  in  P-type  material. 
These  electrons  then  "see"  J2  as  beln^ 
forward- biased,  and  they  cross  on  Over  J2 
into  the  N-type  section  S3,  isalsoforward 
biased  for  them,  and  they  move  on  to  the 
anode  and  out  into  the  circuit,  completing 
the  path'  for  current  flow.  If  electrons  continue 
to  be  in  excess  in  S2,  (S2  now  has  many 


electrons  and  no  holes),  sections  S|,  S2, 
and  S3  will  act  like  a  single  piece  of  N- 
type  material.  Since  the  anode  (S4)  is  P- 
type  material,  the  overall  effect  is  as  if  we 
now  have  a  single  forward  biased  PN 
junction  at  J^, 

4-62,  The  SCR  remains  in  the  high  conduction 
(ON)  condition  until  the  current  drops  to  a 
value  below  that  necessary  to  supply  more 
than  enough  electrons  from  S^  to  S2  to 
combine  with  and  cancel  out  all  of  holes  In 
S2.  This  minimum  currentiscalledHOLDlNC 
CURRENT.  When  the  holes  in  S2  outnumber 
the  free  electrons  arriving  from  S^^  the  number 
of  these  electrons  reaching  J2  is  insufficient 
to  maintain  conduction  and  conduction  stops, 
J2  revertstoasimple  reverse-biased  junction 
until  the  forward  breakover  potential  is  again 
exceeded* 

4-63,  The  second  means  of  achieving  con- 
duction involves  the  use  ofthe  gate  electrode, 
A  positive  potenUal  on  the  gate  is  used  to 
cause  conduction.  This  potential  ismuchless 
than  the  anode-to-cathode  breakover  potential, 
usually  oiily  a  few  volts.  To  understand  the 
operation  of  the  gate  electrode,  study  Figure 
4-23,  You  will  notice  that  the  gate  terminal 
Is  tied  to  the  P-type  section  With  a  posi- 
tive potential  at  the  gate,  electrons  will  be 
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Figure  4-24.  E-I  Oirves  for  Different  Values  of  Gate  Current 


drawn  out  of  Si  and  into  5^  Thus,  the  posi- 
tive gate  potential  is  aiding  the  anode  poten-> 
tial^  Some  of  these  electrons  will  combine 
with  holes  in  S2  and  gate  current  (Iq)  will 
flow^  Others  will  feel  the  positive  anode 
potential  and  move  toward  the  anode^  If 
enough  electrons  are  drawn  to  cancel  all 
the  holes  In  S2,  conduction  will  occur*  The 
SCR  has  been  gated  OR  The  more  positive 
the  gate  potential  is  made,  the  lower  the 
anode-to-cathode  voltage  required  for 
conduction. 

4-64+  Figure  4-24  shows  two  curves,  one 
with  zero  gate  cur  rent(lQ  0)  and  one  with 
gate  current  (Iq2^  which  is  greater  than 
zeT0^Q2  >  kil)*  Observe  that  the  breakover 
voltage  point  with  is  at  a  lower  voltage 
than  with  Iq^.  The  VOLTS  FORWARD  repre- 
sents the  anode* to- cathode  voltage  measured 
by  VI  In  Figure  4-23.  If  the  gate  current  is 
increased  sufficiently  to  saturate  section 
current  flows  through  the  SCR  even 
with  very  low  anode -to -cathode  voltages 
applied. 

4-65+  After  the  silicon  controlled  recti- 
fier is  triggered  (turned  ON)  by  the  gate 
signal,  the  current  flow  through  the  device 
is  independent  of  gate  voltage  or  gate  cur- 
rents It  remains  Inthe  high  conduction  state 
until  the  anode  current  is  reduced  to  a  level 


below  that  required  to  sustain  conduction 
(holding  current).  The  device  can  also  be 
turned  off  by  application  of  a  reverse  bias 
from  anode  to  cathode^  With  reverse  bias, 
Jl  and  J3  become  reverse  biased  and  only 
a  small  leakage  current  (due  to  minority 
carriers)  will  flow.  If  an  excessive  reverse 
bias  is  applied,  structure  breakdown  will 
occur  due  to  avalanche  current,  and  the 
SCR  will  be  destroyed* 

4-66*  Zener  Diode 

4^67.  The  zener  diodo  is  a  PN  ]unctlon 
diode  that  is  specially  designed  to  withstand 
operation  in  the  reverse  breakdown  region 
without  structure  damage.  Its  schematic 
symbol  is  shown  in  Figure  4-25+  The  zener 
diode  is  also  referred  to  as  the  AVALANCHE 
diode  or  BREAKDOWN  diode,  since  it  nor- 
mally is  operated  in  the  breakdown  voltage/ 
avalanche  current  region  of  the  PN  junction 
characteristic* 
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Figure  4*25.  Zener  Diode  Schematic  Symbol 
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Fl^re  4'-26.  Zener  Diode  Characurifftlc  CUrve 


4'-d8.  T!ie  cbaractertQtlc  curve  tor  the 
zener  diode  10  basically  the  0ame  aa  the  PN 
junction  diode.  With  forward  blaa  applied^ 
the  zenerdlodeoperateflthesameaearegular 
junction  diode  Opolnta  A  b  B),  Notice  that^ 
with  reverse  Maa^  the  zener  diode  le  atde 
to  operate  with  a  large  amount  of  avalanche 
current  before  atructure  breakdown  occurs 
(point  Ft^re  4-26),  whereaa  the  regular 
PN  junction  dlCyde  is  destroyed  aa  soon  aa  the 
breakdown  voltage  (BV)  Id  reached. 

4'-69.  Between  polnta  D  and  E  In  Figure 
4*26f  the  voltage  changed  very  little  (from 
17  to  17.5  volta)  for  a  wide  variation  In 
current  (from  T  mA  to  40  mA).  Thla  region 
is  therefore  called  the  VOLTAGE 
REGULATING  REGION,  since  the  vdtage 
acrosa  the  zener  diode  remalna  relatively 
constant^  Or  la  RGGULATED,  over  a  wide 
range  of  currenta*  However,  If  an  excessive 
amount  of  current  la  allowed  to  flow,  the 
diode  win  be  destroyed  due  to  structure 
breakdown.  Therefore,  a  current  limiting 
resistor^  Hs^ls  uaed  In  aeries  with  the 
diode  and  the  power  source,  aa  ahown  in 
Figure  4-27, 

4*70.  T!ie  primary  purpose  of  the  zener 
diode  ahould  be  evident.  The  sener  diode  la 


uaed  to  RBQULATE  VOLTAGE.  Later  In  the 
courae  you  vUl  study  several  circuits  that 
make  use  of  the  constant  vbltage  propertiea 
of  this  device  to  provide  a  constant  voltage 
from  a  power  aource  over  a  wide  range  of 
cua  renta. 

4*71.  Hie  phyalcal  appearance  of  a  zener 
diode  la  the  aame  as  an  ordinary  junction 
diode.  Recall  that  the  voltage  regulating 
effect  takes  place  at  some  reverse  bias 
vbltage  (6V).  Ttils  voltage  is  determined 


Figure  4*27.     Zener  Diode  Oirrent 
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(by  doping)  when  the  diode  is  manufactured, 
and  can  be  from  about  3  volts  to  twenty 
volts.  More  than  one  zener  diode  may  be 
connected  in  series  U  necesaary  to  provide 
the  correct  regulated  voltage. 

4-72.  Micros  lectronica 

4*73.  Microelectronics  is  a  broadterm  used 
to  describe  the  useotextremelymlniaturlzed 
components  and  techniques,  usually  in  tran* 
sistors  or  other  solid  state  devices  and  cir- 
cuits. Use  Figure  4*28  in  studying  the 
following  paragraphs. 

4-74.  Integrated  Circuits 

4-75.  Up  to  now  the  various  semiconductors, 
resistors,  capacitors,  etc.  have  been 
considered  separately  padcaged  com* 
ponentfl,  called  DISCBETE  COMPONENTS.  In 
this  section  we  will  introduce  some  of  the 
more  complex  devices  that  contain  complete 
circuits  Or  systems  as  a  single  pacl^ed 
component.  TheSe  devices  are  referred  to  as 
INTEGRATED  aHCUlTS. 

4*76.  Integrated  circuits  (ICs)  almo^ 
eliminate  the  use  of  individual  electronic 
parts  (re  sistors,  capacitors,  transistors,  etc, ) 


as  the  building  blocks  of  electronic  circuits. 
Instead,  we  have  tiny  CHIPS  (Uny  slicea  or 
wafers  of  a  senUconductor  crystal  or 
Insulator)  whose  tOnctions  are  not  that  of  a 
single  part,  but  of  dozens  of  transistors, 
resistors,  capacitors,  and  other  electronic 
elements,  all  interconnected  to  perform  the 
tasic  of  a  complex  circuit.  Often  these 
comprise  a  number  of  complete  conventional 
circuit  stages,  such  as  a  multistage  ampli- 
fier, in  one  extremely  small  Component. 

4-77*  The  family  of  integrated  circuits  have 
several  advantages  overconventlonally wired 
circuits   of  discrete    components.  These 
advantages  include  (I)  a  drastic  reduction 
in  size  and  weight,  (2)  a  large  Increase  in 
reUablllty,  (3)  lower  cost,  and  (4)  possible 
improvement  in  circuit  performance.  How- 
ever, they  are  composed  of  parts  so  closely 
associated  with  one  another  that  repair 
becomes  almost  impossible.  In  case  of  trouble, 
the  entire  circuit  is  replaced  as  a  single 
component. 

4-78,  Basically,  there  are  two  general 
classificauons  of  integrated  clrcults:HYBRID 
and  MONOUTHlC,  as  shown  in  Figure  4-26. 
In  the  monolithic  Integrated  circuit,  all  ele- 
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FLAT  PACK 


B 

IN  LINE 


C 

TO-5 


Figure  4'>29.  Package  Styles  for  Integrated  Orculta 


meitts  (resistors, transistors, etc*) associated 
with  the  circuit  are  fabricated  Inseparably 
within  a  continuous  piece  of  material  (called 
the  substrate),  usually  silicon.  This  type 
Is  made  very  much  like  a  single  transistor* 
While  one  part  of  the  crystal  Is  being 
doped  to  form  a  transistor,  other  parts  of 
the  crystal  are  being  acted  upon  to  form 
the  assodatedreslstorsandcapadtors*  Thus, 
all  the  elements  of  the  complete  circuit  are 
created  In  the  crystal  with  the  same  proces* 
BBS  and  In  the  same  time  required  to  make 
a  single  transistor*  This  produces  a  con- 
siderable cost  savings  over  the  same  circuit 
made  with  discrete  components  by  lowering 
assembly  costs. 

4*79.  Hybrid  Integrated  circuits  are  con* 
structed  somewhat  differently  from  the  mono- 
lithic devices*  The  PASSIVE  components 
(resistors,  capacitors)  are  deposited  onto  a 
subatirate  (foundation)  made  of  ^ass^ceramlc^ 
or  otherlnsulatlngmaterlal*  Then  the  ACTtVE 
components  (dlod6S»tranBlstora)are attached 
to  the  substrate  and  connected  to  the  passive 
circuit  components  on  the  substrate  using 
very  fine  (*001  Inch)  wire*  The  term ''hybrid" 


refers  to  the  fkct  that  different  processes 
are  used  to  form  the  passive  and  active 
components  of  the  device* 

4^60,  Hybrid  circuits  are  of  two  general 
types:  (1)  thin  mm,  and  (2)  thick  film* 
"Thin"  and  ''thick"  film  refer  to  the  rela^ 
tlve  thickness  of  the  deposited  material  used 
to  form  the  resistors  and  other  passive 
components*  Thick  Him  devices  are  capable 
of  dtaslpatlng  more  power,  but  are  somewhat 
more  tulky. 

4^61*  Integrated  circuits  are  being  used  In 
an  ever  Increasing  variety  of  applications* 
Smalt  BizB,  weighty  and  high  reliability  make 
them  Ideally  suited  for  use  In  airborne 
equipment^  missile  systems^  computers, 
spacecraft^  and  portable  equipment  Tbey  are 
often  easily  recognixedlwcause  of  the  unusual 
packages  that  contain  the  Integrated  circuit* 
Some  <A  the  most  ocomnon  package  sfyles  are 
shown  In  Figure  4*29*  These  tlnypadkages 
protect  and  h^p  dtsstpats  heat  generated  In 
the  device*  One  at  these  packages  may 
contain  one  or  several  stages*  often  having 
several  hundred  components* 
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ELECTIIONIC  PRINCIPLES  (MODULAR  SELF-PACED) 

MODULE  29 

PN  JUNCTIONS  AND  DIODES 

This  Guidance  Package  in  designed  to  guide  you  through  this  module  of  the  Electronics 
Principles  Course,  This  Guidance  Package  contains  specific  Information,  Including  references 
to  other  resources  you  may  study,  enabling  you  to  satisfy  the  learning  objectives. 


CONTENTS 


Title 

Overview 

List  of  Resources 

Adjunct  Guide 

Module  Self- Check 

Answers 


OVERVIEW 

U  SCOPE:  This  module  will  instruct  you 
in  the  basic  structure  of  semiconductor 
material  and  how  it  is  modified  to  produce 
P  and  N  type  materials.  It  will  further 
explain  the  formation  of  PN  Junctions  and 
discuss  the  characteristics  of  PN  Junction 
diodes. 

2.  OBJECTIVES:  Upon  completion  of  this 
module,  you  should  be  able  to  satisfy  the 
following  objectives; 

a.  Given  an  energy leveldl^ramof semi- 
conductor material,  identify: 

(1)  Valence  band, 

(2)  Forbidden  band. 

(3)  Conduction  band. 

(4)  Current  carrier  produced  by  heat. 

(5)  Current  carrier  produced  by  doping. 


Page 

1 
1 
1 
6 

10 


b.  Given  au  energy  level  diagram  of  a 
PN  Junction  diode  and  a  list  of  statements, 
select  the  statement(s)  that  de3crlbe(s): 

(1)  Junction  recombination. 

(2)  Depletloa  region  characteristics. 

(3)  Forward  bias  conduction. 

(4)  Reverse  bias  conduction. 

(&)  Effect  of  temperature  changes  on 
conduction, 

c.  Given  a  PN  Junction  diode  character- 
istic curve  and  values  of  forward  and  reverse 
bias  voltage,  compute; 

(1)  Forward  bias  resistance. 

(2)  Reverse  bias  resistance. 
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Given  a  PN  junction  diode  character- 
iotic  curves  identify; 

(L)  Points  of  otructuraL  breakdown* 

(2)  Operating  region. 

e.  From  a  group  of  PN  Junction  circuit 
diagrams,  select  the  arrangement  that  identi-^ 
fies  proper; 

(1)  Forward  bias. 

(2)  Reverse  bias. 


f.  Given  a  circuit  diagram  of  PN  junction 
diodes  indicating  direction  of  current  paths* 
select  the  arrangement  that  identifies; 

(L)  Majority  current. 

(2)  Minority  current. 


LIST    OF  RESOURCES 

To  satisfy  the  objectives  of  this  module^ 
you  may  choose^  according  to  your  training^ 
experience^  and  preferences^  ^y  or  all  of 
the  following* 


READING  MATERIALS: 
Digest 

Adjunct  Guide  with  Student  Text  TV 


AUDIO  VISUALS: 

Television  Lesson  30-23h  Solid  State 
Principles 


AT  THIS  POINT,  IF  yoU  FEEL  THAT 
THROUGH  PREVIOUS  EXPERIENCE  OR 
TRAINING  YOU  ARE  FAMILIAR  WITH 
THIS  SUBJECT^  yoU  MAY  TAKE  THE 
MODULE  SELF-CHECK.  CONSULT  YOUR 
INSTRUCTOR     IF     YOU     NEED  HELP. 


ADJUNCT  GUIDE 

INSTRUCTIONS; 

Study  the  referenced  materials  as  directed* 

Return  to  this  guide  and  answer  the 
questions* 

Check  your  answers  against  the  answers 
at  the  back  of  this  Guidance  Package* 

Contact  your  instructor  If  you  experience 
any  difficulty* 

Begin  the  program. 


The  major  voltage  requirement  in  elec- 
tronic circuit  operation  is  DC*  yet  the 
generation  of  AC  voltages  is  much  more 
efficient  and  economical.  Because  of  thls^ 
many  electronic  devices  have  beendeveloped 
to  be  used  in  converting  the  economical  AC 
voltage  to  required  DC  voltage*  One  of  these 
devices  is  the  PN  Junction  diode*  Therefore^ 
it  is  extremely  Important  for  you  to  gain  an 
understanding  of  its  characteristics  ^d 
operation* 


A*  Turn  to  Student  Textf  Volume  TV,  and 
read  p2Lragraphs  UI  through  I-I7.  Return  to 
this  page  and  answer  the  following  questions* 

K    Electrons      the  outermost  shell  of  an 

atom  are  referred  to  as   

electrons. 

2.  The  outermost  shell  of  an  atom  that 

contains  electrons  is  called  the   

sheU. 

3.  Two  common  semiconductor  materials 
sire    and   * 


4*  The  electrons  that  enter  into  electrical 
conduction  or  chemical  combination  are  the 

  electrons. 


I 
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BAND 


Energy  Level  Diagram 


5.  Before  an  electron  becomes  a  free  elec^ 
tron  available  for  conduction*  It  must  b€ 

elevated  from  the 


6,  Holes  act  as  positive  charges  equal  In 
charge  but  op|>oslte  in  polarity  to  the  electron. 
(True)  (False) 


to  the 


band. 


6.  Label  the  energy  bands  on  the  energy 
level  diagram. 

CONFIRM  YOUR  ANSWERS  AT  THE 
BACK    OF    THIS    GUIDANCE  PACKAGE. 


7.  Holes  win  respond  to  an  external  EMF 
and  move  from  positive  to  negative  through 
the  valence  band  of  a  material.  (True) 
(False) 


CONFIRM  YOIFR  ANSWERS  AT  THE 
BACK   OF    THIS    GUIDANCE  PACKAGE. 


B.  Turn  to  Student  Text,  Volume  IV,  and 
read  paragraphs  U18  through  N22.  Return 
to  this  page  and  ansnver  the  following 
f^uestlons. 

1.  The  sharing  of  valence  electrons  in  a 
crystal  lattice  structure  is  referred  to  as 

  bonding. 


2.  When  an  electron  breaks  a  covalent  bond 
and  is  elevated  to  the  conduction  band,  a/an 

    pair 


is  generated. 


3.  Free  electrons  In  an  intrinsic  (pure) 
material  will  respond  to  an  external  EMF 
and  enter  into  electrical  conduction  through 
the  conduction  band.  (True)  (False) 

4.  Electron  hole  pairs  are  generated  by 
heat.  (True)  (False) 

5.  Hole  flow  does  not  occur  tn  an  intrinsic 
material.  (True)  (False) 


C.  Turn  to  Student  Text,  Volume  IV,  and 
read  paragraphs  1*23  through  1-35,  Return 
to  this  page  and  answer  the  following 
questions. 


1.  The  process  of  adding  Impurities  to  a 
crystal     structure     Is    referred    to  as 


2.  When  an  Impurity  has  been  added  to  a 
crystal,  the  crystal  Is  called  ■ 

3.  The  addition  of  a  donor  Impurity  to 


silicon  or  germanium  creates 
type  semiconductor  material. 


4.  The  addition  of  a  donor  impurity  to  a 
semiconductor  material  creates  many  free 
electrons  In  the  material  which  appear  In 


the 


band. 


ERIC 


a<  Tho  addition  ot  an  acceptor  Impurity 
to    gormanlum    or    fllLlcon  croatos 

  typo  semiconductor 

matorlaL 

6.  Tho  addition  of  an  acceptor  Impurity  to 
a  semiconductor  material  creates  many  free 
holes  in  the  material  which  appear  In  tho 

  band. 

7«  Conduction  In  P  type  semiconductor 
material  Is  mainly  due  to  the  movement  of 

carrier  in  the 

  band. 

6.  Conduction  In  N  type  semiconductor 
material  is  mainly  due  to  the  movement  of 

    carrier  in  the 


  band. 

9*  Electron  hole  pair  generation  occurs  In 
P  and  N  type  materials.  (True)  (False) 

10.  In  P  type  material,  there  will  be  a  limited 
number  of  (majority)  (minority)  carrier  elec- 
trons In  the  band 
which  will  contribute  to  conduction. 

11.  In  N  type  material^  there  will  be  a 
limited   number    of  (majority)  (minority) 

carrier  holes  In  the 

band  which  will  contribute  to  conduction. 

12.  In  P  type  material^  the  majority  current 
carrier  Is  the 

and  the  minority  current  carrier  is  the 


13.  In  N  type  material*  the  majority  current 

carrier  is  the   

and  the  minority  current  carrier  is  the 


14i  ttt  P  type  mat«}rl£Ll*  the  density  of  the 
majority  carrier   holes  Is  controlled  by 

  aijd  the  density  of  the 

minority  carrier  electrons  Is  controlled  by 


15.  In  N  type  material,  the  density  of  tho 
majority  carrier  electrons  Is  controlled  by 

  and  the  density  of  the 

minority  carrier  holes  Is  controlled  by 


16.  Increasing  the  temperature  of  a  semi* 
conductor  material  will  increase  the  number 
of  majority  and  minority  current  carriers  In 
both  N  and  P  type  materials.  (True)  (False) 

17.  All  semiconductor  material  exhibits  a 
(negative)  (positive)  temperature  coefficient 
of  resistance. 

16.  If  the  temperature  of  a  semiconductor 

is  Increased,  Its  resistance  will   . 

CONFIRM  YOUR  ANSWERS  AT  THE 
BACK    OF    THIS    GUIDANCE  PACKAGE. 


D.  Turn  to  Student  Text,  Volume  IV,  and 
read  paragraphs  1-36  through  1-42.  Return 
to  this  page  and  answer  the  following 
questions^ 

1.  A  PN  junction  diode  Is  manufactured  by 
chemically  Joining  a  section  of  P  type  semi* 
conductor  material  to  i  section  of  N  type 
semiconductor  material  and  attaching 
metallic  contacts  to  each  end.  (True)  (False) 

2.  Immediately  i^on  manufacture,  there 
will  be  a  PN  Junction  formed  at  the  point 
where  the  P  material  meets  the  N  material. 
(True)  (False) 

3.  Through  a  process  calleddlffUslon,  elec-^ 
trons  from  the  conduction  band  of  the  N 
material  cross  the  PN  Junction  Into  the  P 
material,  and  holes  from  the  valence  band  of 
the  P  material  cross  the  PN  Junction  into  the 
N  material.  (True)  (False) 


3 
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4.  JuitcUon  re  combination  rcfiuUa  In  the 

dovolopmcnt  of  a    rejcion 

between  the  P  anj  N  matcrlaLn  in  a  PN 
Junction  diode. 

5.  The  depletion  region  Is  an  area  between 
the  P  and  N  materials  that  contains  no 
majority  current  carrier.   (True)  (False) 

6.  The  depletion  region  Is  an  Ionized  area 
between  the  P  and  N  materials  which  has  an 
electrostatic  field  that  projects  from  the 

  material  toward  the 


 materlaL 

7.    Another  name  for  the  depletion  region 

Is  the         .  • 


8,  The  physical  distance  from  one  side  of 
the  depletion  region  to  the  other  side  Is 
often  referred  to  as  barrier   - 


9.  Increasing  the  amount  of  doping  In  a 
PN  Junction  diode  will  (increase)  (decrease) 
the  width  of  the  depletion  region. 

10,  The  dUierence  of  potential  across  the 
depletion  region  Is  often  referred  to  as  the 

barrier   . 


11.  The  difference  of  potential  across  the 
depletion  region  (increases)  (decreases)  as 
doping  Is  increased. 

CONFIRM  YOUR  ANSWERS  AT  THE 
BACK    OF    THIS    GUIDANCE  PACKAGE. 


E,  Turn  to  Studeat  Text,  Volume  IV,  and 
read  paragraphs  1-43  through  i-S8.  Return 
to  this  page  and  answer  the  following 
questions. 

1.  Connecting  a  battery  across  a  PN  Junc- 
tion diode  so  that  Its  electrostatic  field 
opposes  the  Junction  electrostatic  field  Is 

referred  to  as  bias. 


2.  Connecting  a  battery  acrods  a  PN  Junc- 
tion diod«  so  that  Its  electrostatic  field  aids 
the  JuncUon  electrostatic  field  Is  referred 

to  as    bias. 


3.  Proper  forward  bias  is  provided  for  a  PN 
Junction  diode  when  the  (negative)  (positive) 
battery  terminal  Is  connected  to  the  P  type 
material,  and  the  (positive)  (negative)  battery 
terminal  Ic  connected  to  the  N  type  material. 

4.  Reverse  bias  Is  provided  for  ^  PN 
Junction    diode     by     connecting  the 

  battery  terminal  to 


the  P  material  and  the   

terminal  to  the  N  material. 

5.  When  a  PN  Junction  diode  is  forward 
blasedf  electrons  in  the  conduction  band  of 
the  N  material  cross  the  Junction  Into  the  P 
material  and  holes  In  the  P  material  cross 
the  Junction  into  the  N  material.  (True) 
(False) 

6.  When  a  PN  Junction  is  forward  biased* 
conduction  Is  due  to  the  movement  of 
(majority)  (minority)  current  carriers. 

7.  Increasing  the  amount  of  forward  bias 
(within  limits)  will  (increase)  (decrease) 
conduction  in  a  PN  Junction  diode. 

8.  When  a  PN  Junction  is  reverse  biased, 
conduction  will  be  due  to  the  movement  of 
(majority)  (minority)  current  carriers. 

9>  What  effect  will  an  Increase  In  ambient 
temperature  have  on  reverse  bias  conduction 

In  a  PN  junction  diode?  

10.  What  effect  does  applying  forward  bias 
have  on  barrier  height  and  width  of  a  PN 

Junction  diode?   

11.  What  effect  does  applying  reverse  bias 
have  on  barrier  height  and  width  of  a  PN 

Junction  diode? 


CONFIRM  VOUR  ANSWERS  AT  THE 
HACK    OF    THIS   GUIDANCE  PACKAGE, 


G,  Draw  a  acUontatic  ayuiboL  for  a  PN 
Juitction  diode  »nd  indicate  the  diroctioti  of 
majority  and  minority  curretil  flow. 


F.  Turn  to  Studont  Text.  Volume  IVt  and 
read  paragraphs  1*50  through  U75.  Return 
to  this  page  and  an^iwor  the  following 
questions. 

1.  Draw  the  symbol  for  a  PN  Junction 
diode  and  label  the  loads. 


2.  IX  L  volt  forward  bias  Is  applied  to  a  PN 
Junction  diode  and  the  current  flow  is  5  mA, 

what  Is  the  resistance  of  the  diode?   

3.  U  3  volts  of  forward  bias  causes  50  mA 
of  current  flow  In  a  PN  Junction  diode,  the 

resistance  of  the  diode  Is   ohms. 

4.  Compute  the  resistance  of  a  PN  junction 
diode  that  has  10  microamps  of  current  flow 

with  100  volts  reverse  bias  applied. 

5.  Draw  a  schematic  symbol  for  a  PN 
junction  diode  showing  proper  battery  con- 
nections for  forward  and  reverse  bias. 


7,  The  forward  bias  resistance  of  a  PN 
Junction  diode  is  (low)  (high)  and  the  reverse 
bias  resistance  is  (low)  (high). 

8.  U  excessive  forward  bias  Is  applied  to  a 
PN  Junction  diode,  It  will  be  destroyed 
because  of  heat.  This  action  Is  referred  to 

as   


Excessive  reverse  bias  wlU  cause 
structural  breakdown  of  a  PN  junction  diode. 
The  voltage  at  which  structural  breakdown 

occurs  Is  referred  to  as 

voltage  and  the   current  ttiat  flows  after 

breakdown  is  referred  to  as 
current. 

10.  Identify  the  cathode  leads  on  the  following 
PN  juncUon  diodes  with  a  checkmark. 


Semiconductor  Diode  Physical  Appearance 


11.  Name  the  three  current  ratings  and  the 
one  voltage  rating  agglgned  to  PN  Junction 
diodes  by  the  manufacturer, 


4-  Free  electrons  aro  those  which  have 
been  given  enough  energy  to  cross  the 
forbidden  band  to  the  conduction  band,  (True) 
(False) 

5,  Conductors  have  a  relatively  wide  for- 
bidden band  outside  the  valence  band.  For 
this  reason>  It  takes  considerable  energy  to 
free  electrons  from  the  Influence  of  the 
nucleus,  (True)  (False) 


CONFIRM  YOUR  ANSWERS  AT  THE 
BACK    OF    THIS    GUIDANCE  PACKAGE. 


YOU  MAY  STUjjY  ANOTHER  RESOURCE 
OR    TAKE   THE  MODULE  SELF-CHKCK, 


MODULE  SELF-CHECK 
QUESTIONS: 

1.  On  an  energy  level  diagram,  the  gap 
between  two  permissible  energy  levels  Is 

called  the   band> 

2>  In  a  given  atom  the  highest  energy  level 
which  normally  contains  electrons  Is  called 
the  valence  shelL  (True)  (False) 

3>  The  first  unoccupied  energy  level  of  an 
atom  Is  called  the   - 


6,  An  insulator  has  (many)  (few)  free 
electrons. 

7.  A  material  whose  conductivity  Is  greater 
than  rubber  but  less  than  copper  might  be 

called  a   - 


8.  The  sharing  of  outer  orbit  electrons 
between   two  or  more  atoms  Is  called: 

a>  Pair  bonding. 

b.  Covalent  bonding- 

c>  Adhesive  bonding. 

d.  Junction  bonding. 

9.  Figure  29-1  represents  the  energy  level 
diagram  of  a  semiconductor  material. 
Identify  the  forbidden  band,  conduction  band» 
and  valence  band. 

10>  Electron  hole  pair  generation  Is  caused 


ENERGY 


BAND 


BAND 


Flffure  29-1.  EnerW  Level  Diagram 
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lU  A  HOLi:  la  a  moblLo  poaltlvi^  charge. 
(Truo)  (Falao) 

12.  Eloctron  flow  occurs  In  the  conduction 

biind  and  hole  How  In  the   - 

13-  The  process  of  adding  impurities  to 
semiconductor  material  such  as  germanium 

is  called   , 

14.  When  germanium  is  doped  with  (donor) 
(acceptor)  impurity,  N  type  material  is 
formed. 

15.  P    type    material   has  an  excess  of 


P-TYPE 


N-TYPE 


BARRIER 
HEIGHT 
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oooood 
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I  I 

BARRIER 
WIDTH 
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FDR6IDDEN 
6  AND 
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6  AND 
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acceptor  impurities. 


caused  by  doping  with 


16.  In  figure  29-2,  Identify  the  carrierspro- 
duced  by  heat  and  those  produced  by  doping. 


a. 
b. 


N-.TYPE 
MATERIAL 


Energy 


o  o 


FlRUre  29-3.  Energy  Level  Diagram 
of  Junction  Barrier  Formation 


a.  The  diffusion  of  holes  and  electrons 
across  the  junction,  forming  a  layer  of  fixed 
charges  on  the  two  sides  of  the  junction. 

b.  The  recombinlng  of  minority  carriers 
in  either  N  or  P  type  material  which 
determine  the  barrier  or  junction  width. 

c*    The  depletion  oi  electrons  In  the  P 
type  material  of  the  junction  and  their  re- 
^  combining  with  majority  carriers  in  the  N 
type  material. 

d.  Electron  hole  pair  generation  in  the 
depletion  area  which  causes  the  minority 
carriers  to  recombine^  forming  the  barrier 
height. 

18,  Refer  to  figure  29-3.  Barrier  width  is  the 

  distance  across  the 

junction  and  depends  on  the  amount  of  dopingi^ 
Barrier    height     can    be    measured  in 


Fi(ture  29*2.  Enerscv  Level  Diagram 


17.  Figure  29-3  represents  a  PN  junction 
diode  as  the  junction  barrier  is  beingformed. 
Select  the  statement  whichdescrlbesjunctlon 
recombination. 


19.  The  application  of  an  external  potential 
which  opposes  the  junction  field  is  called 


7 
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20.  Revorflo  bias  (increases)  (docroaaoa)  25.  What  would  occur  1/  moro  than  4  volts 
barrier  width  and  height,  of    forward    bias    wore  applied? 


21p  When  a  PN  Junction  is  reverse  biased*   

there  Is  no  current  flow  in  either  direction* 
(True)  (False) 

22,  Minority  current  (Increases) (decreases)  26.  Avalanche  current  Iscausedby  excessive 
as  temperature  Increases* 


Refer  to  figure  29-4  for  questions  23  through 
27, 


23.  Calculate  the  forward  bias  resistance  at        27,  To  prevent  damage  to  the  aiode,  it  must 

be  Operated  between  points: 

point  Bp   

24,  The  reverse  bias  resistance  at  point  C  a-  A-C, 
would  be: 

a,  800  ohms.  b«  A-B« 

b,  80  k/phms. 

c.  D-C. 

c,  800  k/ohms, 

d,  80  ohms.  d.  D-E, 


/  I  STRUCTURE 


Figure  29*4,  Voltage  Current  Characteristics  at  a  Diode 


8  4C0 


g  +2V 


® 


6-tv 

O  f2V 


p-!V 


®  ® 

6  +3V  A  -2V 

Fiffwre  29-5.  PN  Junction  Diodes 


28.  Seloct  tho  circuit  arraiigoment(a)  In  flg^ 
ure  20-9  which  Identify  proper  forward  blaa. 


& 


20.  Refer  to  flio^re  29-5.  Select  the  arrange- 
inant(s)  which  Identify  proper  reverse  bias. 


30.  Which  arrow  In  flioire  29-6  represents 
minority  current  How? 


B 


CONFIRM  YOUR  ANSWERS  AT  THE 
BACK   OF    THIS   GUIDANCE  PACKAGE. 


A. 

CURRENT 


CURRENT 


OV 


-8V 


FlRUre  29-6.  PN  JuncUon  Diodes 
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ANSWERS  TO  A: 
L  valence 

2.  valenco 

3.  ailicont  germanium 

4.  valence 

5.  valence,  conduction 

6*    a.  valence 

b.  forbidden 

c.  conduction 

If  you  missed  ANY  questions^  review  the 
material  before  you  continue. 

ANSWERS  TO  B: 


7.  hote^  valenco 

8.  electron^  conduction 
0*  True 

10.  minority,  conduction 

IL  minority,  valence 

12.  hole,  electron 

13.  electron^  hole 

14.  doping,  temperature 

15.  doping,  temperature 

16.  True 

17.  negative 


1. 

covalent 

18.  decrease 

2. 

electron  hole 

If  you  missed  ANY  questlonst 

material  before  you  continue. 

3. 

True 

4. 

True 

ANSWERS  TO  D: 

5. 

False 

1*  True 

6. 

True 

2.  True 

3:  True 

7. 

True 

4.  depletion 

If  you  missed  ANY  questions^  review  the 

5-  True 

material  before  you  continue. 


ANSWERS  TO  C: 

1.  doping 

2.  esctrinsic 

3.  N 

4.  conduction 

5.  P 

8.  valence 


8.  N,  P 

7.  Junction  barrier 

8.  width 

9.  decrease 

10.  height 
11*  increases 

If  you  missed  ANY  questions,  review  the 
material  before  you  continue. 
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ANSWERS  TO  E: 

\*  forward 

2>  revGrao 

3>    positive,  nogattvo 

4»    negative,  positive 

5»  True 


FORWARD 
BIAS 


6»  majority 

1.  increases 

8>  minority 

9.  increase  conduction 


10.  barrier  height  decreases,  barrier  width 
decreases 

Il>  barrier  height  increases,  barrier  width 
increases 


U  you  missed  ANY  questions,  review  the 
material  before  you  continue » 


ANSWERS  TO  F: 
I. 


ANOOE 
CATHODE 


2.  200  ohms 

3.  60 

4.  iO  megohms 


REVERSE 
BIAS 


MAJORITY  CURRENT 
DIRECTION 


MINORITY  CURRENT 
DIRECTION 


7.    iow,  high 


8»    thermal  runaway 


9.   breakdown^  avalanche 


il 
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10.  030'^ 


11.  maximum  average  forward  current 

peak  recurrent  forward  current 

maximum  surge  current 

peak  reverse  voltage  (PRV) 

If  you  missed  ANY  questions*  review  the 
material  before  you  continue. 

ANSWERS    TO    MODULE  SELF-CHECK: 

1.  forbidden 

2.  True 

3.  conduction 

4.  True 

5.  False 

6.  few 

7.  semiconductor 

8.  b 

9.  A  *  valence  band 
B  -  forbidden  band 
C  -  conduction  band 

10.  beat 

11.  True 


12.  valonco 

13.  doping 

14.  donor 

15.  holos 

16.  a*  doping 
b.  heat 

17.  a 

18.  physicalp  volts 
10.  forward  bias 
20.  increases 

21*  False 

22.  increases 

23.  60  ohms 

24.  c 

25.  structure  breakdown 

26.  reverse  bias 

27.  d 
26.  A,  D 

29.  B,  C 

30.  A 


HAVE  YOU  ANSWERED  ALL  OF  THE 
QUESTIONS  CORRECTLY?  IF  NOT, 
REVIEW  THE  MATERIAL  OR  STUDY 
ANOTHER  RESOURCE  UNTIL  YOU  CAN 
ANSWER  ALL  QUESTIONS  CORRECTLY. 
IF  YOU  HAVE.  CONSULT  YOUR  IN- 
STRUCTOR FOR  FURTHER  INSTRUCTION. 
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ELECTRONIC  PRINCIPLES  (MODULAR  SELF-PACED) 
MODULE  30 
TRANSISTORS 

This  Guidance  Package  is  designed  to  guide  you  through  this  module  of  the  Electronic 
Principles  Course.  This  Guidance  Package  contains  specific  inJtormatlonp  including  references 
to  other  resources  you  may  study,  enabling  you  to  satisfy  the  learning  objectives* 

CONTENTS 

Page 


Overview  1 

List  of  Resources  1 

Adjunct  Guide  1 

Module  Self-Check  5 

Answers  10 


OVERVIEW 

1.  SCOPE:  This  module  will  Instruct  you 
on  the  basic  construction  andblaslngfor  NFN 
and  PNP  transistors,  and  on  conduction  In  a 
three  element  two  Junction  device*  It  will 
further  explain  how  a  control  advantage  is 
attained  and  discuss  the  characteristics  of 
transistors. 

2.  OBJECTIVES:  Upon  completion  of  tMs 
module  you  should  be  able  to  satisfy  the 
following  objectives: 

a*  Given  an  energy  level  diagram  o£ 
a  properly  biased  NPN  or  PNP  transistor  and 
a  list  of  statements,  select  the  statement(s) 
that  descrlbe(s) 

(1)  junction  operation. 

(2)  conduction. 

(3)  effect  of  temperature  changes  on 
conduction* 


b*  Given  the  schematic  diagram  for  a 
properly  biased  NPN  or  PNP  transistor, 
determine  the  effect  bias  changes  have  on 

ij..  I3,  i^,,  Mdi^^gjj. 

c.  Given  a  group  of  NPN  or  PNP  circuit 
diagrams,  select  the  arrangement  that 
Identifies  the  proper  biasing  method. 

d.  Given  schematic  diagrams  for 
grounded  emitter  NPN  or  PNP  transistor  In 
static  configurations  Indicating  direct 
current  paths,  select  the  arrangement  that 
Identifies  the  proper  direct  current  path* 

e*  Given  a  list  of  statements,  select  the 
statement  that  describes  the  forward  current 
transfer  ratio  (Beta)  forthegroundedemltter 
configuration* 

f  *  Give  n  schematic  diag  rams  for 
grounded  base  NPN  or  PNP  transistor  con- 
figurations indicating  direct  current  psLths, 
select  the  arrangement  that  identifies  the 
proper  current  paths* 


&ipersedes  K£P.GP-30p  dated  I  June  1974*  Stocks  on  hand  ^ll  be  used. 
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Given  2  Hat  of  statomentu,  soLoct  tho 
sUtomont  th2t  ctoscrlbos  the  forward  current 
transfer  ratio  (Alpha)  for  the  grounded  base 
confi^ration« 

h^  Given  circuit  diagrams  for  grounded 
collector  NPN  or  PNP  transistor  in  uUUc 
configurations  Indicating  direct  current 
paths,  select  the  arrangement  that  Identifies 
the  proper  direct  current  paths. 


Return  to  this  guide  and  answer  the 
questions. 


Check  your  answers  against  the  answers 
at  the  back  of  this  text* 


If  you  experience  any  difficulty^  contact 
your  instructor. 


i.  Given  a  list  of  statements,  select  the 
statement  that  describes  the  forward  current 
transfer  ratio  (Gamma)  for  the  grounded 
collector  configuration. 

LIST  OF  RESOURCES 

To  satisfy  the  oblectlves  of  this  module^ 
you  may  choose^  according  to  your  training, 
experience,  and  preferences,  any  or  aU  of 
the  following. 

REAOmO  MATERIALS: 

Digest 

Adjunct  Guide  wlUi  Student  Text  IV 

AUDIOVISUALS: 

Television  Lesson  30-353^  Transistor 
Triodes  (Construction) 

Television  Lesson  30-354,  Transistor 
Triodes  (Operation) 

Narrated  Illustration  Lesson  0502A  & 
Basic  Transistor  Amplifier  (Configuration) 

AT  THIS  POINT,  IF  YOU  FEEL  THAT 
THROUGH  PREVIOUS  EXPERIENCE  OR 
TRAINING  YOU  ARE  FAMILIAR  WITH  THIS 
SUBJECT,  YOU  MAY  TAKE  THE  MODULE 
SELF-CHECK.  IF  NOTt  SELECT  ONE  OF 
THE  RESOURCES  AND  BEGIN  STUDY. 

CONSULT  YOUR  INSTRUCTOR  IF  YOU 
NEED  HELP. 


Begin  the  program. 


In  your  experiences  in  life  you  have  often 
come  in  contact  with  devices  which  are  used 
to  develop  a  control  advantage.  Tho  trans- 
mission of  your  automobile  gives  the  engine 
a  control  advantage  over  the  rear  end.  A 
block  and  tackle  allows  a  small  amount  of 
power  to  lift  a  heavy  object*  in  electronics 
the  transistor  hia  a  similar  function;  that  Is, 
it  Is  an  electronic  device  which  Is  used  to 
develop  an  electrical  control  advantage.  The 
transistor  i3  designed  so  that  It  can  control 
a  large  amount  of  power  from  a  small  power 
source,  in  the  world  of  electronics  today, 
the  transistor  is  used  todevelop  an  electrical 
control  advantage*  The  transistor  is  used  in 
a  wide  variety  of  applications  ranging  from 
the  pocket  transistor  radio  to  complex  cir^^ 
cuitry  capable  of  landing  a  man  on  the  moon* 


A*  Turn  to  Student  Te^rtt  Volume  IV,  and 
read  paragraphs  Z^i  ttirough  2^19.  Retumto 
this  page  and  answer  the  following  questions. 

1.  Name  the  three  elements  of  a  Junction 
transistor . 


ADJUNCT  GUIDE 


INSTRUCTIONS: 


Study  the  referenced  material  as  directed. 


2*    The  two  Junctions  of  a  transistor  are  the 

 "   Junction  and  the 

  junction* 
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3*  Draw  a  pictorial  diagram  of  an  NPN  and 
a  PNP  translator  dbowlnff  proper  forward 
ami   reverse  bias  fo^  normal  operation. 


7«  When  a  bole  Is  pl^iced  under  the  Influence 
of  an  electrostatic  field  It  will  move  (with) 
(aKalnaO  the  field, 

8.  In  an  NPN  tranetstor^  majority  carrier 
electrons  that  move  from  the  emitter  Into  the 
base  region  become  minority  carriers  and 
come  under  the  Influence  of  the  intense 
reverse  biased  collector  base  Junction  elec- 
trostatic field  and  move  Into  the  collector 
region  where  they  again  become  majority 
carriers*  (True)  (False) 

CONFIRM  YOUR  ANSWERS  ON  THE  BACK 
PAGES* 


4,  The  majority  current  carrier  tn  PNP 
transistors  Is  the  gjid  the 
NPN  transistors  is  the  , 

5.  Draw  a  pictorial  diagram  for  properly 
biased  NPN  and  PNP  transistors  shoivlng 
direct  current  paths,  Label  the  transistor 
currents. 


B.  Turn  to  Student  Text^  Volume  IV,  and 
read  paragraphs  2-21  through  2-^34.  Return 
to  this  page  and  answer  the  foUoivlng 
questions* 

U    Emitter  current  (1^)  Is  equal  to  % 

of  total  transistor  current. 

2.  Complete  the  following  formulas  stating 
the  relationships  between  I^»  I^,  and  Ig. 




r  = 


6.  Base  current  Is  made  minimum  In  a 
transistor  by  constructing  the  base  region 
very  (thick)  (thin)  and  (lighUy)  (heavily) 
doping  It. 


3.  In  a  transistor^  the  voltage  that  controls 
the  magnitude  of  I^^  I^»  and  I^  Is  the 

 voltage. 

4.  Increasing  the  forward  bias  voltage 
applied  to  the  emitter  base  Junction  of  a 
transistor  will  increase  1.,  I  ,  f'-nd  1^. 
(True)  (False)  ^    ^  ^ 

5.  Decreasing  the  reverse  btas  voltage 
applied  to  the  collector  base  Junction  will 
decrease  I^,  1^,  and  I^.   (True)  (False) 

6.  Forward  bias  applied  to  the  emitterbase 
Junction  of  a  tranststor  (increase) 
(decrease)  the  barrier  height  and  (Increase) 
(decrease)  the  barrter  width* 


4CS 


7.  The  roUtionffhlp  between  the  forward 
bUs  voUago  (^irn)  base  current  la 

nonlinear*  What  (wS  translator  values  exhibit 
a  linear  relationship? 

CONFIRM  YOUR  ANSWERS  ON  THE  BACK 
PAGES.  

C.  Turn  to  Student  Tesct,  Volume  IV^  and 
read  paragraphs  2-^36  through  2-^55*  Return 
to  this  page  and  answer  the  loUowlng 
questions. 

L  Leakage  current  U<;qo)  current 
between  the  collector  and  base  ol  a  transistor 
measured  with  the  emitter  lead  open.  (True) 
(False) 

2.  Increasing  the  reverse  bias  collector 
base  voltage  will  Increase  I<;bo*  (True) 
(False) 

a.  The  magnitude  of  leakage  current  Is 
dependent  on  Junction  temperature*  (True) 
(False) 

4^  Leakage  current  (I<;bo)  consists  ol  the 
movement  ol  minority  current  carriers 
acros3  the  collector  base  Junction*  (True) 
(False) 

5.  1<;bO  base  current  and  opposes 
collector  current*  (True)  (False) 

6.  Draw  the  schematic  symbol  for  an  NPN 
and  a  PNP  transistor*  Label  the  leads  and 
indicate  the  direction  of  e^cternal  electron 
flow* 


7.  Draw  a  circuit  diagram  of  a  properly 
biased  NPN  and  PNP  transistor  using  two 
battftri«s«  Show  thecurrontpathsandindlcato 
direction.  Label  1^^  Ijg^  and  Ib* 


erJc 
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Namo  tho  throo  ba^lc  conflguraUonif  a 
translator  can  bo  usod  In. 


D.  Turn  to  Student  Text,  VoLumo  IV,  and 
read  paragraphs  2-86  through  2^87.  Roturn 
to  this  pago  and  answor  the  following 
questions. 


1.  Draw  a  scUomatle  diagram  for  a  common 
(grounded)  emitter  (NPN)  eonflguratlon. 
Draw  In  and  label  transistor  currents. 


9.  Draw  a  elrCult  diagram  of  a  properly 
biased  NPN  and  PNP  transistor  using  a 
single  power  souree.  Show  Current  paths 
and  Indicate  dlreetlon.  Label  Ig^  Iq,  and 


2.  The  eontrol  advantage  of  the  CE  con^ 
figuration  Is  the  eontrol  that  base  eurrent 

(Ib)  exhibits  over  Current* 

3.  The  formula  for  the  eontrol  advantage 
{theoretleal  eurrent  gain)  for  the  CE  eon^ 
figuration  Is: 

BeU(>9)  =1   


CONFIRM  YOUR  ANSWERS  ON  THE  BACK 
PAGES. 


CONFIRM  VOUR  ANSWERS  ON  THE  BACK 
PAGES. 


B*  Turn  to  Student  Text,  Volume  IV,  and 
rou(l  parugriplts  2-^06  through  2-76«  Return 
to  thifl  page  iuid  answer  th«  following 
quoflUona. 

1*  Drnw  31  ochematlc  diagram  for  a  common 
(grounded)  baso  (PNP)  configuration*  Draw 
In  and  label  transistor  currents. 


F.  Turn  to  Student  Text^  Volume  IV  and  read 
paragraphs  2-78  through  2-6S«  Return  to  tills 
page  and  answer  the  following  questions. 


1>  Draw  ^  schematic  diagram  foracommon 
(grounded)  collector  (NPN)  configuration. 
Draw  In  and  label  transistor  currents* 


2.  The  control  advantage  of  the  CB  con- 
figuration la  the  control  that  emitter  current 

(%)  exhibits  over   current* 

3.  The  formula'  for  the  control  advantage 
(theoretical  current  gain)  for  the  CD  con- 
figuration ia: 

Alpha  (a  )  =   


CONFIRM  YOUR  ANSWERS  ON  THE  BACK 
PAGES. 


2«  The  control  advantage  of  the  CC  con- 
figuration ia  the  control  that  base  current 

(Ifi)  exhibita  over  current. 

3.  Th«  formula  for  the  control  advantage 
(theoretical  current  gain)  for  the  CC  con- 
figuration Is: 

Gamma  (     )  = 

CONFIRM  YOUR  ANSWERS  ON  THE  BACK 
PAGES. 


YOU  MAY  STUDY  ANOTHER  RESOUKCliiOR 
TAKE  THE  MODULE  SELF-CHECK. 


MODULE  SELF-CHECK 
QUESTIONS: 


1*    Transiatora  have  PN 

junctiona. 


5 
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2.  Tho 


Junction  in  nor* 


malLy  forward  blaaod  while  tho  collector 
buao  Junction  ia  ^  . 

3.  The  roalatanco  of  the  collector  base 
Junction  la  low.  (True)  (Falae) 

4.  The  reverse  blaaed  collector  base 
Junction  of  a  translator  represents  forward 


bias  to 
base. 


carriers  In  the 


5.  Figure  30-1  Is  a  pictorial  and  energy 
level  diagram  of  a  properly  biased  NPN 
transistor.   The  lOV  battery  Is  connected 


so  as  to  apply   

lector  base  Junction. 


to  the  col* 


For  questions  6  through  0  refer  to  figure 
30-1. 


0.   Select  tho  correct  statement. 

a.  Battery  Vqc  causes  the  collector 
base  resistance  to  decrease. 

 b.    Battery  V^g  causes  the  emitter 

base  resistance  to  decrease. 

 c.    The  twobatterles  are  connecttjd  in 

series  opposing. 

d-  Barrier  height  of  the  emitter  base 
Junction  Is  greater  than  that  of  the  collector 
base  Junction. 

7.  Base  current  Is  greater  than  emitter 
current*  (True)  (False) 

6.  A  change  In  base  current  has  no  effect 
on  collector  current.  (True)  (False) 

0.  An  Increase  In  the  temperature  of  the 
emitter  base  Junctlon^vould  cause  an  Increase 
In 

a.    emitter  current. 

b*   base  current. 

 c*    collector  current. 

 d.    all  of  the  above« 


 COHOUCTIOH  SAND 


F0R81D0EN  BaHO 


EMITTER-BASE  p  COLLECTOR-Ba^  r 
JUMCTlON    "  JUHCTIOH 

Figure  30*1 


VALENCE  BAND 
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10.  Tli«  torm  IpBO  means 

 a.    collector  current  with  baso  open* 

 b*    collector-baae  current  wlthemitter 

open* 

II-  k:DO  *s  causod  by  hoat*  (Truo)  (FaiSc) 
Uac  figure  30-2  for  questions  12  and  13. 


R£t>4'lJlO 

Figure  30-2 


A 


12*  Aaaumlng  no  temperature  change,  what 
effect  would  an  Increaae  In  battery  Vgjghave 
on  the  following  transistor  currents? 

h  


CBO   

13.  A  change  in  V^^  has  more/teas  effect 
oa  collector  current  than  a  change  in  V^^* 

14.  From  the  group  of  circuit  diagrams  in 
figure  30-3,  select  the  arrangement/ 
arrangements  that  identify  the  proper  biasing 
method. 


Figure  30-3 


REP4^1312 


Figure  30-4 


15.  When  a  transistor  is  connected  in  the 
grounded  emitter  configuration,  the  emitter 
is  common  to  both  the  input  and  output 
signal  path.  (True)  (False) 

16.  From  figure  30-4^  select  the  circuit/ 
circuits  which  show  the  correct  current 
paths. 


17^  Forward  current  transfer  ratio  (beta)  for 
a  common  jmitter  configuration  Is  the  ratio 
of  changes  in 


a> 

 b. 

c. 

current. 


collector  current  to  base  current* 
emitter  current  to  base  current, 
collector    current    to  emitter 


18.  A  common  base  configuration  can  be 
identified  by  the  fact  that  the 

a>  input  is  on  the  base  and  ou^ut 
from  the  collector* 


EE 


1 

^CC 
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Figure  30-5 
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 b.    Input  is  on  the  baoo  and  output  from 

tho  omlttor. 

 c,    input  lo  on  the  collector  and  output 


from  the  baso. 


d.    input  is  on  the  omlttcr  and  output 


from  the  collector. 


22.  In  a  grounded  collector  conflffUrationf 

a.    input  is  on  tho  baso  and  output 
from  tho  collector. 

 b.    input  is  on  tho  base  andoutputfrom 

the  emitter. 

c.    input  io  on  the  emitter  and  output 
from  the  collector. 


19.  From  the  group  of  diagrams  In  figure 
30-5,  select  the  one  which  identifies  the 
correct  current  paths  in  a  grounded  base 
configuration. 


20.  Forward  current  transfer  ratio  (Alpha) 
for  a  grounded  base  configuration  is  the 
ratio  of  changes  in 


23.  Forward  current  transfer  raUo(Gamma) 
for  the  grounrif}d  collector  configuration  is 
the  ratio  of  changeit  in 

emitter    current    to  collector 

current. 

b.    collector  current  to  base  current. 
 c.    emitter  current  to  base  current. 


a.    collector    current    to  emitter 
current. 


24.  Gamma  is  (greater)  (less)  than  Beta. 


^b.    collector  current  to  base  current. 


c«    emitter  current  to  base  current. 


25.  In  the  group  of  diagrams  in  figure  30-6, 
select  the  one  which  Indicates  thecorrectDC 
paths* 


2L  Alpha  is  always  (greater)  (less)  than  one. 


CONFIRM  YOUR  ANSWERS  ON  THE  BACK 
PAGES. 


Figure  30-6 
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ANSWERS  TO  A: 

1,  omltttjr,  baao  and  coUertor 

2.  emitter  base*  colloct'^r  base 


3.    N      P  N 


^h-^|||||-' 


P      N  P 

 — ,  


|H-Hl|t|| 


REPA'l 304 


4,    hoLe«  electron 


5, 


N      P  N 


P       N  P 


-hH«hIi|iF 

6.  thin,  hghtly 

7.  with 

8.  True 


REP4-1305 


U  you  mlaaed  ANY  questlona,  review  the 
material  before  you  continue. 


7,    Baae  current  :ind  cnlloctor  curront 


U  you  mlsaod  ANY  qucatlona,  review  the 
material  before  you  continue. 


BASE 


EMITTER 
(Al  PNP  TRANSlSTf^R 


COLLECTOR 


8ASE 


EMITTER 
(B)  NPN  TRANSISTOR 

REP4-635 
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ANSWERS  TO  B: 
1.  100 


2-  ^E=*B^^C 


3*  forward  bias  or  emitter  base 

4.  True 

5.  False 

6.  decrease,  decrease 


J? 


4 


I 


NPN  — 


PNP  — 


10 


8.  Common  (grounded)  emitter,  common 
(grounded)  base,  common  (grounded) 
collector 

47S 


1:^ 


U  you  missed  ANY  questions,  review  the 
material  before  you  continue- 


ANSWERS  TO  D: 
1. 


R1 


R2 


T 


2-  coUector 


3.  fi 


T'^ith  constant* 


ANSWERS  TO  E 
1. 


tin 


6 

2.  collector 


1<C 


6 

-V 


REPd-^l  208 


CC 


U  you  missed  ANY  questions,  review  the 
material  before  you  continue. 


U  you  missed  ANY  questions^  review  the 
material  before  you  continue- 


REP4^1212 
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2.  EmUtor 


13,  losfl 


3.    7  ^  ^Jp-  confltant 


U  you  mlsfled  ANY  queationflr  review  the 
material  before  you  continue. 


14.  a,  c 


15.  true 


16.  €,  d 


ANSWERS  TO  MODULE  SELF -CHECK: 

1-  2 

2-  eniitter  base,  reverse  blamed 


17.  a 


16.  d 


19.  a 


3.  False 


20.  a 


4-  minority 


21.  lefls 


5.  reverse  bias 

6.  b 

7-  False 

fi.  False 

9.  d 

10.  b 


22.  b 


23.  c 


24.  greater 


25-  b 


11-  True 
12.  Increase 
increase 


I„  Increase 
C 

none 

CBO 


12 


HAVE  YOU  ANSWERED  ALL  OF  THE  QUES- 
TIONS CORRECTLY?  IF  NOT,  REVTEW 
THE  MATERIAL  UNTIL  YOU  CAN  ANSWoR 
ALL  QUESTIONS  CORRECTLY.  IF  YOU 
HAVE.  CONSULT  YOUR  INSTRUCTOR  FOR 
FURTHER  INSTRUCTIONS. 
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GUIDANCE  PACKAGE  3AQR30020 
KEP-GP-31 
November  1075 


ELECTRONIC  PRINCIPLES  {MODULAR  SELF- PACED) 
MODULE  31 

Thlfl  Guidance  Package  Is  designed  to  guide  you  through  this  module  of  the  Electronic 
Principles  Course.  This  Guidance  Package  contains  specific  information,  Including  references 
to  other  resources  you  may  study,  enabling  you  to  satisfy  the  learning  objectives, 

CONTENTS 


TITLE 

Overview 

List  of  Resources 

Adjunct  Guide 

Laboratory  Exercise 

Module  SeU-Check 

Answers 


OVERVIEW 

1<  SCOPE:  This  module  will  instruct  you  in 
the  principles  of  voltage,  current^  and  power 
^^.inpllflcation  as  It  applies  to  each  transistor 
confi^ratlon.  It  will  further  discuss  class  ol 
operation,  distortion,  coupling,  and  tempera- 
ture stabilization  characteristics  of  the  basic 
transistor  amplifier. 

2*  OBJECTIVES:  Upon  completion  of  this 
module,  you  should  be  able  to  satisfy  the 
following  objectives: 

a.  Given  the  schematic  diagram  for  NPN 
or  PNP  common  emitter  amplifier  configura- 
tion and  a  list  of  statements,  select  the 
statement(s)  which  describe(s)  the  effect  of 
input  signal  current  and  input  signal  voltage 
changes  on  current  In  each  element  and  col- 
lector voltage;  of  load  resistor  changes  on 
actual  voltage,  current,  and  power  gain« 

b.  Given  the  schematic  diagram  for  NPN 
or  pNP  common  base  amplifier  configuration 
and    a    list    of    statements,  select  the 
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statement(s)  which  describe(s)  the  effect  of 
input  signal  current  and  Input  signal  voltage 
changes  on  current  In  each  element  and  col-* 
lector  voltage;  of  load  resistor  changes  on 
actual  voltage,  current^  and  power  gain« 

c*  Given  the  schematic  diagram  for  NPN 
or  PNP  common  collector  amplifier  con- 
figuration and  a  list  of  statements,  select 
the  statement(s)  which  descrlbe(s)  the  effect 
of  Input  signal  current  and  Input  signal  volt- 
age changes  on  current  in  each  element 
and  emitter  voltage^  of  load  resistor  changes 
on  actual  voltage,  current,  and  power  gaun« 

d.  Given  a  transistor  ampliflerscbematic 
diagram  and  a  list  of  statements,  select  the 
statement  that  describes  the  cause  of  ampli^ 
tude  distortion;  of  frequency  distortion;  of 
phase  distortion. 

e.  Given  temperature  stabilized  transistor 
amplifier  schematic  diagrams  and  a  list  of 
statements,   select   the   statement(s)  that 
describe(s)  how  collector  current  variations 
are  minimized* 


4  so 


Given  a  List  of  statements,  select 
the  statement  that  describos  the  capabilities 
of  direct,  RC,  Impedance,  and  transformer 
coupling  as  related  to  frequency  and  gain. 


LIST  OF  RESOURCES 

To  satisfy  the  objectives  of  this  module, 
you  may  choose,  according  to  your  training, 
experience,  and  preferences,  any  or  all  of 
the  following: 


READING  MATERIALS; 
Digest 

Adjunct  Guide  with  Student  Text  IV 


AUDIOVISUALS: 

Television  Lesson  30-323A,  AmpliXler 
Principles 

Television  Lesson  30-325,  Distortion 

Television  Lesson  30-358,  Transistorized 
Audio  Amplifiers 

Television  Lesson  30-413,  Construction 
of  Load  Lines 

Television  Lesson  30-435,  Transistor 
Stabilization 


LABORATORY  EXERCISE: 

Laboratory  Exercise  31  - 1 ,  Transistor 
Amplification 

AT  THIS  POINT,  IF  YOU  FEEL  THAT 
THROUGH  PREVIOUS  EXPERIENCE  OR 
TRAINING  YOU  ARE  FAMILIAR  WITH 
THIS  SUBJECT,  YOU  MAY  TAKE  THE 
MODULE  SELF-CHECK. 

CONSULT  YOUR  INSTRUCTOR  IF  YOU 
NEED  HELP. 


ADJUNCT  GUIDE 

INSTRUCTIONS: 

Study  the  referenced  m;iteriulsasdirected« 

Return  to  this  guide  and  answer  Uie 
questions. 

Confirm  your  answers  at  the  back  of  this 
guidance  packt  je. 

Contact  your  instructor  if  you  experience 
any  difficulty. 

Begin  the  program. 


The  basic  ampiifier  is  tlie  heart  of  all 
electronic  equipment.  Without  it  the  world 
of  electronics,  as  it  is  known  today,  wouldbe 
non-existeat.  There  would  be  no  radio,  tele- 
vision, communications,  or  space  travel 
possible  without  the  basic  amplifier.  All 
electronic  circuitry  depends  on  the  principles 
of  amplification  for  their  existence.  The 
radio  waves  that  a  car  aateana  intercepts 
are  extremely  weak  (in  the  order  of  mlUi- 
volts)  and  must  be  amplified  (made  larger) 
to  be  heard.  The  signal  from  a  tapehead  of 
a  tape  recorder  is  too  small  to  be  heard 
and  must  be  amplified.  An  electronics 
technician  must  have  a  basic  knowledge  of 
the  principles  of  amplification.  Without  this 
knowledge,  it  will  be  impossible  to  compre- 
hend the  complex  circuitry  that  will  be 
encountered  during  the  sets  portion  of  this 
ccurse,  and  later  in  a  field  enviroiiment. 

A.    Turn  to   .ludent  Text,  Volume  IV,  and 
read  paragraptis  3-1  through  3-^14.  Return  to 
this  page  and  answer  the  following  questions: 

1.  The  resistance  of  a  transistor  is  con- 
trolled by  the  voltage  applied  t>etween  the 
emitter-bage  Junction.  (True)(False) 

2.  In  a  common  emitter  amplifier,  the  input 

is  appli<;d  t)etween  the   aiid 

,  and  the  output  is  taken 

between  the    —  and 
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t  P  20V 


'd:: 


IkQ 


OUTPUT 

INPUT^ 

1  1 


5.  If  the  voltage  applied  to  the  input  ter- 
minals is  made  more  positive,  what  effect 
will  thla  have  on: 


(a)  Ib 

(b)  Ic 

(c)  Ie 


(d)  VcE   

(e)  Transistor  resistan 


Figure   31- 1 .   Common  Emitter  Amplifier 

(NPN)  (f)  Erl 


3,  Refer  to  figure  31-1.  If  Iq  was  5  mA, 
what  would  be  the  voltage  measured  between 
the  collector  and  emitter? 


INPUT 


OUTPUT 


Refer  to  figure  31-3  for  questions  6  and  7, 


-o 

-20V 


I — 


ISOkQ 


INPUT 


T 

1 


O OUTPUT 
1 


Figure  31*3,     Common  Emitter  Amplifier 
(PNP) 

e.  If  the  voltage  applied  to  the  input  is 
made  more  negative,  what  effect  will  this 


have  on: 

Figure  31-2,     Common  Emitter  Amplifier 

(NPN) 

(a) 

Ib   

Refer  to  figure  31-2  for  questions  4  and  5* 

(b) 

ic   

4.    If  a  voltage  change  of  200  mV  at  the 

(c) 

IE   '■  

Input  causes  a  ctiange  in  collector  cu"*rent 

of  3  mA,  what  Vrould  be  the  change  in  col- 

(d) 

VcE   

lector  to  emitter  voltage? 

(e) 

Transistor  resistance 

7.  If  ±  bauc  current  chaago  of  20  cauAGS 
a  collector  current  chaa(![e  of  4  mA^  what  is 
the  change  In  collector- to- emitter  voltage? 


B.  What  Is  the  phase  relationship  of  the 
input  signal  voltage  to  the  output  signal 
voltage  In  a  common  emitter  amplifier? 


CONFIRM  YOUR  ANSWERS,  

Turn  to  student  text.  Volume  IV^  and 
read  paragraphs  3-^15  thr  .u^h  3-63.  Return 
to  this  page  and  answer  the  following  questions. 

Refer  to  figure  31-^4  for  questions  1  through 
6, 


ma|  

"^S  "V-  ^  o  /  - 

Figure  31-4*    Common    Emitter  Amplifier 


iNf^UT  SIGNAL 

iO  wA  P-P 


0,    The  output  waveshape  of  a  t^tunmonemlttor 
amplifier  is  (IBO^*  out  of)  (in)  phase  with 
titc  input  waveshape, 

7,  What  effect  would  Increasing  the  resistive 
value  of  the  collector  loid  resistor  have  on 
Ai  or  Av? 


Ai 
Av 


CONFIRM  YOUR  ANSWERS 


C,  Turn  to  Student  Text^  Volume  IV^  and 
read  paragraphs  3-^64  through  3-93, Return  to 
this  page  and  answer  the  following  questions. 

Refer  to  figure  31-5  for  questions  1  throughC, 


CI 

o  

INRJT 


C2 


OUTPUT 


1 


ma 


6 


L 

Ska 


1 


Figure  31-5*     Common     Base  Amplifier 


1,  The  base  current  (Ig)  will  be 

^  ^A, 

2,  The  forward  bias  voltage  (Veb) 
 .  .  V, 

3,  If  the  input  base  current  change  of  50 
^A  causes  ^  collector  current  change  of 
4  mAf  the  current  gain  (Ai)  would  be 


4*  If  a  base  to  emitter  voltage  change  of 
,05  V  causes  a  collector- to-e  mi  tier  voltage 
change  of  lOV,  the  voltage  gain  (A^)  of  the 
circuit  would  be 


K    The  emitter  current  (%)  will  be 

mA, 

2.    The  forward  bias  voltage  (V^b)  will  be 

,   V. 

3*  If  (he  input  emitter  current  change  of 
2  mA  causes  a  collector  current  change  of 
1,95  mA^  the  current  gain  (Aj)  would  be 


4,  If  a  change  in  emitter/base  voltage  of  ,2V 
causes  a  change  in  collector-to-base  voltage 
of  12Vf  the  voKage  gain  (Ay)  is  


5,    Using  the  values  obtained  In  questions 


„  ^       .        -  ,    ^  ,  *i  3   and  4,   compute  the  powsr  gain  (AJ. 

5,    Using  the  values  obtained  in  questions  ^  t-'       &       \  p/ 

3  and  4^  compute  power  gain  (Ap). 


Ap  =  Ai  X  Av 

Ap  =   Ap  = 


Ap  =  Aj  X  Ay 
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6,  The  output  waveshape  of  a  common  base 
ami^llfler  i3  (In)  (out  of)  phaso  with  the 
Input  waveshape. 

7.  What  effect  would  Increasing  the  realstlve 
value  of  the  collector  load  re.^lstor  have  on 
Ai  or  Av? 


Av    \ 

CONFIRM  YOUH  ANS^RS 

_  X   

D*  Turn  to  Student  Text,  Volume  IV,  and 
read  paragraphs  3-94  through  3-106.  Return 
to  ttiis  page  and  answer  th^^  following  questions. 

Refer  to  figure  31-6  for  questions  1  through 
3. 


E.  Tilrnt  to  Student  Text  Volume  IV,  and 
read  pa^a^^raphs  3-107  Uirough  3-114,  Return 
to  this  \  pa,  ^5  and  answer  the  following 
questions/, 

1.  Increasing  the  temperature  surrounding 
a  transistor  *jvlll  cause  the  resistance  of  tli^! 
emitter/basei  junction  (Reb)  ^o  (decrease) 
(Increase).    ^  ^ 

\ 

2.  Increasing  the  temperature  ^surrounding 
a  transistor  wlli  cause  a/an  (increase) 
(decrease)  in  IcBQ- 

3.  Why  do  transistor  amplifiers  require 
temperature  stabilization? 


INPUT  ci 


4.  A  transistor  ampllf/er  has  a  (negative) 
(positive)  temperature  coefficient  of 
resistance. 

5.  In  an  unstabiUzed  transistor  amplifier, 
an  Increase  In  temperature  will  cause  a/an 
(increase)  (decrease)  in  collector  current, 

6.  What  would  happen  to  the  density  of 
minority  current  carrier  in  a  transistor  if 
an  Increase  in  temperature  occurred? 


Figure  31-6*    Common    Emitter  Amplifier 


1.  The  output  signal  voltage  will  be  (greater) 
(smaller)  than  the  input  signal  voltage. 

2.  The  voltage  developed  across  R£  (aids) 
(opposes)  the  forward  bias  voltage. 

3.  (Degenerative)  (Regenerative)  feedback 
developed  across  R£  causes  the  voltage  gain 
of  the  common  collector  amplifier  to  be 
(more)  (less)  than  one. 

4.  The  output  signal  waveshape  of  the  com<- 
mon  collector  anjpUfier  is  (in)  (out  of) 
phase  with  the  input  signal  waveshape. 

CONFIRM  YOUR  ANSWERS. 


7.  What  change  in  Ipg^  would  be  realized 
if  a  ten  degree  (10*)  increase  in  a  tran- 
sistor teniperature  occurred? 


CONFIRM  YOUR  ANSWERS. 


F-  Turn  to  Student  Text,  Volume  IV,  and 
read  paragraphs  3-115  through  3-121.  Return 
to  this  page  and  answer  the  following 
questions. 


1.  A  sericfi  enUtter  loiul  reolator  Ifl  often 
referred  to  aa  a  —  realator. 

2.  The  uae  of  a  aeries  emitter  lead  realator 
for  temperature  atabllizatlon  resulta  In 
(regenerative)  (degenerative)  feedback. 

3.  How  can  the  effect  of  thla  feedback 
be  prevented? 


3,  What  can  be  done  to  the  self-biaa 
arrangement  to  eliminate  the  dlaadvantage 
referred  to  In  queation  #2? 

4,  What  i:j  the  temperature  coefficient  of 
realatance  of  a  thermiator  used  for  tempera- 
ture atabilizing  a  translator  amplifier? 

5,  Why  doean't  a  thermistorprovideperfect 
temperature  atabllizatlon? 


4,  11^  unstablUzed  amplifier,  an  In- 
creaa')  In  temperature  will  reault  in  an 
increase  In  baae  current  which  willbe  ampli- 
fied and  produce  a  much  larger  increaae 
in  collector  current.  (True)(Falae) 

5,  The  aeries  emitter  lead  realator  preventa 
REB  changea  from  occurring  in  conjunction 
with  temperature  chargea.  (True)(Falae) 

6,  Use  of  the  series  emitter  lead  resistor 
will  prevent  Iq  changes  from  occurring  when 
a  change   in  temperature  occur?.  (True) 
(False) 

CONFIRM  YOUR  ANSWERS 


G.    Turn  to  Student  Text,  Vohrae  IV,  and 
read  paragraphs  3-122  through3-143.  Return 
to    this    p^e    and    answer  the  following 
questions. 


6,  A  forward  bias  PN  junction  diode  pro- 
vides bias  stabilization  for  changes  in  RQ3 
caused  by  temperature  changes. (True)(False) 

7,  The  reverse  biased  diode  atabilizing 
circuit  compensates  for  changea  in  (Reb) 
UCBO)   c^^6<l     t»y  temperature  changea. 

8,  A'hlch  temperature  atabilizing  circuit  is 
the  moat  effective  for  temperature  changea 
above  as  well  as  below  50*  C? 

CONFIPJ^  YOtm  ANSWERS.  

H-  Turn  to  Student  Text,  Volume  IV,  and 
read  paragrapha  3~144  through  3- 149.  Return 
to  thla  page  and  answer  the  following 
questions. 

1'  There  are  three  major  types  of  dis- 
tortion. Briefly  describe  each  type  in  your 
own  words; 

a.    Amplitude  distortion: 


I.    m  a  voltage  divider  stabilized  transistor 
amplifier^  an  Increase  in  ambient  tempera- 
ture would  have  what  effect  on  the  following: 
(increase) (deer ease) (remain  the  same) 


Reb 


b.    Frequency  distortion: 


b.  1 


B 


Veb 


2.  What  is  the  disadvantage  of  using  the 
self-bias  arrangement  for  bias  stabilization? 
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Phaac  distortion: 


2.  The  frequency  response  for  direct 
coupling  l3  flat  .or  the  audio  frequency 
range.  What  causes  It  to  drop  off  above  20 
kHz? 


2.   What  Is  the  primary  cause  of 
a-    Amplitiide  distortion? 


3.  In  an  RC  coupled  amplifier,  the  ampli- 
tude of  the  output  signal  drops  below  a 
usable  level  for  Input  frequencies  below 
15  Hz  and  above  the  audio  range.  What  are 
the  primary  reasons  forthls  loss  of  amplitude? 


b.    Frequency  distortion? 


4.  Why  Is  an  Impedance  coupled  amplifier 
limited  to  use  above  the  audio  frequency 
range? 


c.    Phase  distortion? 


5^  The  frequency  response  curve  fortrans- 
former  coupling  Is  similar  to  that  for  an 
RC  coupledampUfler.Whywould transformer 
coupling  be  preferred  to  RC  coupling? 


CONFIRM  YOUR  ANSWERS. 


CONFIRM  YOUR  ANSWERS- 


I.  Turn  to  Student  Te3rt,  Volume  TV,  and 
read  paragraphs  3-150  through  3-nUReturn 
to  this  page  and  answer  the  foliowing 
questions . 

1*  Which  typ€  of  coupling  has  the  poorest 
temperature  stability? 


J.  Turn  to  Student  Te3rt,  Volume  TV,  and 
read  paragraphs  3-197  through 3- 231«Return 
to  this  page  and  answer  the  foliowing 
questions. 

1«  Amplifiers  can  be  classified  In  many 
different  ways.  Tliree common waysarebylts; 


a. 

b. 

c. 


4S6 


2.  DrioHy  describe  the  rlassoa  of  opera- 
tion of  a  transistor  amplifier: 


a. 

Class 

A:  » 

b. 

Class 

c. 

Class 

B:  

Class 

r- 

3.  The  two  primary  items  that  determine 
the  class  of  operation  of  an  amplifier  are: 

a. 

b.  

4.  What  would  bo  the  class  of  operation  of 
an  OVER-DRIVEN  ampUfter? 


CONFIRM  YOUR  ANSWERS 


K-  Turn  to  Student  Text,  Volume  IV,  and 
read  paragraphs  3-^232  through3-' 239. Return 
to  this  page  and  answer  the  following 
questions. 

1.  Any  waveshape  that  is  NOT  sinusoidal 
contains  harmonics.  (True)(False) 

2.  The  output  of  an  amplifier  operated 
class  B  would  contain  (odd)(even)  harmonics. 

3.  The  output  of  an  overdriven  amplifier 
contains  (odd)(even)  harmonics. 

4.  What  harmonics  are  present  in  the  output 
of  a  class  C  amplifier? 

CONFIRM  YOUR  ANSWERS. 


L.  Turn  to  Laboratory  Exercise  31-1.  The 
objectives  of  tMs  laboratory  exercise  are 
to  determine  the  voltage  and  current  gain  of 
a  transistor  amplifier.  The  effect  of  load 
resistance  changes  and  degenerative  feedback 
on  gain  will  also  be  investigated. 


YOU  MAY  STUDY  ANOTHER  RESOURCE 
OR    TAKE    THE  MODULE  SELF-CHECK. 


5.  Define  FIDELITY  as  it  relates  to 
transistor  amplifier. 


6.  Define  EFFICIENCY  as  it  relates  to  a 
transistor  amplifier. 


7.  The  class  of  operation  of  an  amplifier 
that  provides  the  best  fidelity  is  class 


8.  The  class  of  operation  of  an  amplifier 
that  provides  the  best  efficiency  is  class 


LABORATORY  EXERCISE  31-1 
OBJECTIVES; 

1.  Using  a  transistor  amplifier  trainer, 
multimeter,  oscilloscope,  signal  generator, 
ammeter  panel,  and  formulas,  determine 
actxtal: 

a.  current  gain  (At). 

b.  voltage  gain  (A^). 

c.  power  gain  (Ap) 

2.  Using  a  transistor  amplifier  trainer, 
multimeter,  oscilloscope,  signal  generator^ 
and  ammeter  panel,  determine  the  effect  of: 

a.  load  resistance  changes  on  gain. 

b.  effect  of  degene  raiive  feedback  on 
voltage  gain. 
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EQUIPMENT: 


PROCEDURES: 


Transistor  voltage  anipiifior  trulner. 

Oscilloscope 

Multimeter 

Ammeter  Panel 

Signal  Generator 

REFERENCES:  Student  Te3rt,  Volume  IV, 
paragraphs  3^1  through  3-^106* 

CAUTION:  OBSERVE  BOTH  PERSONNEL 
AND     EQUIPMENT    SAFETY  RULES 
AT   ALL  TIMES.  REMOVE  WATCHES 
AND  RINGS. 


1,  Trainer  Analysiai  The  transistor  volt* 
age  amplifier  trainer  i^  extremely  versatile 
and  can  be  used  to  determine  many  character* 
istics  of  a  transistor  amplifier.  The  first 
thing  to  do  is  become  thoroughly  familiar 
with  the  trainer  shown  in  flK^re  31*7.  Locate 
the  following  trainer  functions  and  components: 

a.  Selection  of  two  fixed  collector  load 
resistors,  (S3) 

b.  Selection  of  ground  or  aseries  emitter 
lead  resistor.  (S4) 

c.  Selection  of  a  by-^pass  capacitor  to  be 
used  in  conjunction  with  the  series  emitter 
lead  resistor.  (S6) 

d.  Selection  of  a  fixed  or  variable  biasing 
arrangement.  (SI  and  S2)« 


Input  tmi  points  (TP2  and  TP3)  and 
output  tvrtt  poliitrt  (TPIO  and  TPU). 

Jacks  (tC3t  points)  for  InBertlnft 
ammeter  for  moaBurcmont  of  collector  (TPL2 
and  TP13)  and  baac  (TP6  and  TP7)  currents. 

Test  points  for  measuring  orobservlng 
emitter  voltage  (TP9),  bias  voltage  (TPS), 
collector  voltage  (TP8)  and  supply  voltage 
(TPl). 

2*    Equipment  Preparation* 

a.  The  first  exercise  will  be  to  determine 
the  current  gain  of  a  transistor  amplUler 
connected  in  the  common  emitter  conflgura* 
tion*  This  means  that  the  control  advantage 
that  base  current  exhibits  over  collector 
current  will  he  determined*  The  formula  for 
current  gain  for  the  CE  configuration  is: 


The  effect  of  load  resistance  changes  on 
will  also  he  investigated* 

b.  Preset  the  switches  on  the  transistor 
voltage  ampIUier  trainer  to  select  the  circojlt 
shown  in  figure  31-7. 

(1)  Select  the  1.5  M  ohm  variable 
biasing  resistor  using  switch  si* 


Figure  31-8 


NOTE:  Refer  to  figure  31-8  for  meter 
connections. 

b*  Using  the  test  lead  provided^  connect 
the  0-10  mA  ammeter  on  the  meter  panel 
to  TP  13  (black  lead)  and  TP  12  (red  lead) 
on  the  trainer.  Move  switch  S7  to  the  OPEN 
position.  The  ammeter  is  now  in  series 
with  the  collector  lead  ^i^d  reads  collector 
current  (Ic)* 


(2)  Rotate  switch,  s2^  to  the  open  posi- 
tion (NC)* 

(3)  select  the  3.9  k  ohu  collector 
load  resistor  using  switch  s3. 

(4)  Select  ground  on  the  emitter  lead 
using  S4  (move  right). 

(5)  Plug  the  trainer  Into  a  110  VAC 
bench  outlet. 

3.    Exercise  #1,  Current  Gain 

a.  Rotate  the  1.5  M  ohm  biasing  resistor 
fully  clockwise  (CW),  This  provides  maximum 
resistance,  minimum  bias  for  the  transistor. 


c*  Connect  the  multimeter  in  series  with 
the  base  lead  to  read  base  current.  This  is 
accomplished  in  the  following  manner. 

(1)  Rotate  the  FUNCTION  switch  onthe 
multimeter  to  the  lOOjuA  SPECIAL  position. 
In  this  position^  the  multimeter  will  read 
from  0-100  juA  DC  the  0-10  DC  scale  of 
the  meter. 

(2)  Connect  the  BLACK  lead  of  the 
multimeter  to  TP7  and  the  RED  lead  to  TPS. 

(3)  Move  switch  S5  on  tne  trainer  to 
the  open  position.  The  meter  is  now  in  series 
with  the  base  lead  and  reads  base  current 
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d.  Hotute  the  I.!}  M  ohm  biasing  rcaintor 
countcrclockwlflo  (CCW)  until  a  reading  of 
2   ruA  collector  current  {Iq)  la  obtained, 

Measure  and  record  base  current  (Ib) 
as  read  on  the  multimeter* 


Determine  the  change  la  coUcctorcur- 
rent  by  tJUbtractlng  the  value  obtained  In 
step  3d  from  the  collector  current  value 
In  step  3e< 

A  Ic  ^  4  "lA  -  2  mA  =  2  mA 


e.  Rotate  the  M  ohm  blading  resistor 
CCW  until  1^  =  4  mA- 


Measure  and  record  I 


B' 


Ib  - 


f.  Determine  the  change  In  base  current 
by  subtracting  the  base  current  obtained  in 
step  3d  from  the  value  obtained  in  step 
3e, 


Hi 


B 


h,    Using  the  formula  A|  - — p-r  compute 

the  current  gain  (A|)  of  the  amplifier. 

Ai  =  

1,  The  Ai  Juflt  determined  la  for  an  fl^ 
of  3.9  k  ohm  and  would  be  representative 
of  the  load  Line  In  figure  31-9< 

(1)  What  should  happen  to  A^Uthe slope 
of  the  load  line  were  increased? 

AI   would  (Increase)  (decrease)  (remain 
the  same). 

(2)  What  would  happen  to  the  current  gain 
If  Rl  was  changed  from  3.9  k  ohm  to  1  k  ohm? 

Aj  would  (Increase*)  (decrease)  (  remain  the 
same)< 

Confirm  your  answers  to  questions  (I)  and  (2) 
before  proceeding 


0  10  30 

COLLEaOR  VOITAOC-VOLTS 

Figure  31-9,  Load  Line 
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0  10  10 

V^^XOlLKTOt  VOiTAOf-VOiTS 

Figure  31-10.  Load  Line 


Ufllng  S3, 
load  resistor* 


select    the     1  k  ohm 


CONFIRM  YOUB  ANSWERS 


With  the  1.5  M  ohm  biasing  resistor, 
adjust  for  the  following  collector  cxirrent 
readings  and  record  the  base  currents. 


1^  =  2  mA,  Ig  = 
IC  =  4  mA,  I3  = 


^lA 


The  change  in  Ifi  i***:  A  Ifi  = 


1*  Compute  the  current  gain  for  the 
1  k  ohm  load  resistor. 


Ai  = 


4.   Equipment  Preparation  (Exercise  ,^2) 

NOTE:  Before  beginning  the  second  exer* 
cise,  plug  in  the  oscilloscope  and  signal 
generator  and  turn  them  on. 

a.  You  win  now  determine  the  voltage 
gain  (Av)  of  a  transistor  amplifier  con- 
nected in  the  common  emitter  configxiratlon. 
This  means  that  the  ratio  of  input  voltago 
change  to  output  voltage  change  will  be 
determined  and  expressed  aa 


B 


Av 


av 


CE 


A  V, 


EB« 


The  A^  Just  determined  Is  for  an  R]^  of 
1  k  ohm  and  would  be  representative  of 
the  load  Une  in  figure  31-10. 

CAUTION:  Do  not  attempt  to  achieve 
20  mA  collector  current. 


The  effect  of  load  resistance  changes  on 
Ay  ^11  also  be  investigated. 

Remove  the  multimeter  and  meter  panel 
test  leads  from  the  trainer. 
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f  TO  V. 


Figure  31-lL 


b-  Preset  the  switches  on  the  trainer  for 
the  circuit  coniiguration  shown  in  figure 
31-11, 

(1)  Close  S-5  and  S-7  in  the  base  and 
ccLLector  circuits. 

(2)  Select  the  1 20  k  ohm  biasing  resistor 
using  switch  SI. 

(3)  Select  the  6.2  kohmbiasingresistor 
using  switch  S2. 

{4)  Select  the  3.9  k  ohm  collector  load 
resistor  using  switch  S3. 

(5)  Select  the  47  ohm  series  emitter 
lead  resistor  using  S4  (move  left). 


(6)  Select  the  emitterby-^pass  rapacitor 
with  S6  (move  right). 


C.    Signal  Generator 


CONTROL 

(1)  MULTIPLIER 

(2)  FREQUENCY 

(3)  RANGE 

(4)  aMPUTUDE 


POOITION 
100 
100 
.IV 

Counter  Clockwise 


d.  Connect  the  sine  wave  output  of  the  signal 
generator  to  the  input  of  the  trainer  between 
TP2  and  GND.  (TP3). 
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».    OSCILLOSCOPE  CONTROLS 


(1) 

TRIG  SELECT 

(2) 

LEVEL 

(3) 

TIME/CM 

(4) 

SEPABATE  -  CHI  &  CH2 

(5) 

CHOP  -  ALT 

tit  \ 

(6) 

AC-ACF-DC 

(7) 

Vertical  Paaitlon  CHL  and  CH2 

(8) 

CHI  VOLTS/CM 

(9) 

AC-GND-DC  CHI 

(10)  CH2  VOLTS/CM 

(11)  AC-GND-DC  CH2 

(12)  PULL  XIO  MAG 

(13)  PULL  TO  INVERT  CH2 

(14)  Vertical  poslUon  CHI 

(15)  Vertical  poslUon  CH2 


POSITION 
EXT  + 
AUTO 

a  mS  (CAL) 

SEPARATE 

ALT 

AC 

Mid- poslUon 
50inV  (CAL) 
AC 

5V  (CAL) 
AC 

Pushed  In 
Pushed  In 

Position  trace  at  top  center 
Position  trace  at  bottom  center 


5.    Exercise  #2  Voltage 

a.    Using  the   coaxial  test  lead  with  a 
ground  (shield),  connect  the  CHI  Input  of  the 
oscilloscope  between  TPS  and  GND  (TP4) 
on  the  trainer. 

h.  Connect  the  EXT  TRIG  o£  the  oscil- 
loscope to  TP8  on  the  trainer. 

c.  Adjust  the  sine  wave  output  ampli- 
tude control  of  the  signal  generator  until 
the  CHI  trace  on  the  oscilloscope  Indicates 
an  Input  amplitude  of  50  mV  pk-to-pk* 


NOTE:  At  this  Ume«CHl  of  the  oscil- 
loscope should  he  displaying  the  input  to  the 
trainer  and  CH2  should  be  displaying  the 
amplified  output  of  the  trainer.  If  clear 
displays  are  not  visible  or  if  there  Is  no 
display  on  the  oscilloscope^  call  the  instruc-' 
tor  for  assistance* 

e.  The  voltage  gain  of  the  amplifier  isthe 
ratio  of  a  change  in  input  voltage  to  a  change 
in  output  voltage.  The  peak-to-peakamplitude 
of  the  input  to  the  trainer  13  50  mV  as 
displayed  on  the  CHI  of  the  oscilloscope. 
The  output  amplitude  displayed  on  the  CH2  Is 


d.    Using  a  coaxial  test  lead  with  a  ground  ,                                V  Pk-Pk 
(shield),  connect  the  CHS  Input  of  the  osdU 

loacope  between  TPIO  and  GND  (TPU)  on  f.   Using  the  formula  for  voltage  gain 

the  trainer.  and  the  output  voltage  obtained  In  step  5e, 
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compute   the   Av   o'  amplliior: 


EB 


SOrrV 


6,    Exercise  #3  Powor  Gain 

a.  The  voltage  gain  obtained  in  step  5f 
was  obtained  using  a  3.9  k  ohm  load  resistor. 
Recall  that  the  current  gain  of  the  amplifier 
as  calculated  in  step  3k  was  approximately 
57  for  a  3.9  k  ohm  load  resistor.  Using 
these  two  facts  the  power  gain  of  the  ampli- 
fier can  be  determined  as  follows: 

Power  Gain  (Ap)  =      x  Av 


57  X 


(Av)  = 


(Use  the  value  of  Ay  obtained  in  step  5f.) 

b.  By  observing  the  Input  and  output 
waveshapes  on  the  oscilloscope,  the  phase 
relationship  between  them  can  be  deter- 
mined. The  output  is  (in  phase)  (out  of  phase) 
with  the  input. 

c.  Observe  the  effect  on  gain  when  the 
emitter  by-paas  capacitor  is  removed  from 
the  circuit.  This  Is  accomplished  by  opening 
S6  (move  left).  Voltage  gain  (Increased) 
(decreased).  The  change  in  gain  was  dut; 
to  (regenerative)(degeneratlve)  feedback. 

d.  Replace  the  bypass  capacitor  by 
closing  SB  (move  right). 

e.  Select  the  1  k  ohm  collector  load  with 
S3f  and  readjust  the  signal  generator  for 
50  mV  Pk-Pk  input  to  the  trainer. 

f.  Read  the  output  voltage  from  the  oscil- 
loscope and  calculate  Av  for  a  1  k  ohm 
collector  load. 


(1)   \  - 


EB 


50mV 


(2)  AS  the  collector  load  resistor  de- 
Creases  in  value,  the  voltage  gain  (Increases) 
(decreases). 


g»   The  power  gain  of  the  amplifier  with  a 
1  k  ohm    load   resistor    Is  calculated  as 
follows: 

A   =t  A,  X  A,^ 

(A^  as  obtained  in  step  3  is  64.50 

A  ^  64.5  X  A 
p  V 

\'  

NOTE:  Do  not  be  misled  by  the  power  gain 
values  obtained  with  the  1  k  ohm  and  3.9 
k  ohm  collector  load  resistor.  The  power 
gain  drops  off  for  values  of  load  above  and 
below  this  value.  Impedance  matching  will 
be  discussed  later  in  the  course. 

h.  Remove  the  emitter  by-pass  capacitor 
by  switching  S6  to  the  left  and  observe  the 
effect  on  gain.  Gain  (increased)(decreased). 

CONFIRM  YOUR  ANSWERS, 

MODULE  SELF-CHECK 
QUESTIONS: 

For  questions  1  through  5,  refer  to  figure 
31-12, 

1,  In  an  NPN  common  emitter  ampUIier,  as 
the  input  signal  goes  positive,  base,  emitter 


and  collector  current 
transistor  resistance  ^ 


and 


2.  In  a  PNP  common  emitter  ampUiierf  as 
collector  current  increases,  collector  voltage 
goes  positive/negative. 

3.  In  any  common  emitter  ampUiler^  the 
phase  relationship  of  the  output  signal  to  the 

input  signal  is 


4.  Gain  is  the  ratio  of  a  change  in 
 to  a  change  in 

5.  Using  the  circuit  in  figure  31-12  and 
characteristic  curves  for  a  2N118translstor, 
figure  31-^13  compute  Ay  Ai^  and  Ap. 
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Ri:P4-3B5 

Plrure  31-12,  Common  Emitter  Amplifier 


Figure  31-13.  ContiDoa  Emitter  Output  Characteristics 
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-.1757  -v-\— 


-1mA  


.VgE  1  VOLT 


20V 


p£.?4^  302 


Figure  31*14.  Common  Base  Amplifier 


For  questions  6  through  10  refer  to  figure 
31-14, 

6,  In  an  NPN  Common  base  amplifier,  as 
the  Input  signal  goes  positive,  base,  emitter, 

and  collector  current   

and  transistor  resistance 


7,  In  any  common  base  ^mplliier,  the  phase 
relationship  of  the  outyjt  signal  voltage  to 
the  input  signal  voltage  is 


For  questions  11  through  16»  refer  to  figure 
31-16. 

1 1 .  There  Is  a  ISO*"  phase  difference  between 
the  Input  and  output  signals  in  a  common 
collector  ampUHer.  (True)  (False) 

12.  The  voltage  gain  of  a  common  collector 
amplifier  Is  always  (more)(less)  than  one. 

13.  Another  name  for  a  common  collector 
configuration  Is 


8.  The  current  gainofacomnx)nbaseampli-< 
fier  is  always  (more){less)  than  one. 


14.   In  an  NPN  common  collector  amplifier, 
as  the  base  signal  goes    positive,  base, 
emitter,  and  collector  current  (Increases) 
(decreases)  and  emitter  voltage  goes  (positive) 
(negative). 


9,  Using  figures  31-14  and  31-15,  compute 
Ai,  A^,  and  Ap. 


10.  In  a  comiDon  base  amplifier,  as  the 
collector  load  resistance  Is  increased  inslze, 
Ai  (increases)  (decreases),  and  Av 
increases)  (decreases). 


15.  In  a  common  collector  amplifier,  as  the 
emitter  load  resistance  Is  Increased,  Ay 
(Increases)  (decreases),  and  At  (Increases) 
(decreases). 

16.  Degeneration  is  the  process  of  returning 
part  of  an  amplifier  output  back  to  the  input 
In  such  a  way  that  It  cancels  part  of  the 
input.  (True)  (False) 
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Figure  31-16.  Common  Collector  Amplifier 
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Figure  31-17*  Common  Emitter  Amplifier 


17.  Power  gain  is  dependent  on  impedance 
matching.  (True)  (False) 

18.  The  effect  of  changing  on  An  (power 
gain)  cannot  be  determined  from  the  load 
Une  (True)  (FSdse) 

19.  Refer  to  figure  31-17.  The  type  of 
distortion  shown  la   


distortion.  It  Is  caused  by  (too  much)  (too 
little)  forward  bias. 

20.  Phase  distortion  occurs  when  some  fre- 
quencies applied  to  an  amplifier  do  not 


receive  the  same  time  delay  as  other 
frequencies.  (True)  (False) 

21.  Both  frequency  and  phase  distortion 
are  caused  by  - 
components. 

22.  A  transistor  amplifier  operating  at  65* 
C  will  have  (more)  (less)  collector  current 
flowing  than  It  will  if  it  is  operated  at 
25*  C. 

23.  Causing  collector  current  to  remain  the 
same  over  a  wide  range  of  temperature  Is 
called   


Figure  31-18.  Common  Emitter  Amplifier 
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24.  Figure  Sl^lS  fihowd  a  traneldtor  ampli- 
fier with  fievoral  mothodd  of  atablUdlng 
collector  current  for  tomperature  changed. 
Llat  the  components  used  to  stabilise  Iq 
for  changed  In  and  those  used  to 

compensate  for  changes  In  IcBO- 


26.  The  reduced  amplitude  at  the  high  fre- 
quency end  of  the  response  curve  for  direct 
coupled  amplifiers  Is  due  to  Interelement 
and  stray  capacitance.  (True)  (False) 


27.  Refer  to  figure  31^10.  The  loss  of  amp* 
Utude  at  the  low  end  of  the  response  curve 
ts  caused  by  the  


and  at  the  higb  end  by  the 


25.    The  frequency  response  of  direct  coupled 

amplifiers  Is  flat  from   ,  H2 

to  20  kHz. 


28.   Impedance    coupling    Is    limited  to 
frequency  use. 


R4 


C3 


OUTPUT 


Q2 


15  Hi 


20kHz 


Figure  31-19.  Two  Stage  Common  Emitter  Amplifier 


19 


ERIC 


499 


20,  Match  thf!  type  of  Intcr-stagc  coupling  to  the  reaponac  curves  ahown  In  figure  31-20, 
a,   •  Direct  Coupled,         c,    .  .  Impedance  coupled. 


RC  Coupled. 


d. 


(2) 


FREQUENCY 


R£P4^441 


DC 

OFREQ 


AUDIO  RANGE 
FREQUENCY 


Transformer  coupled. 


(3)  I 


T 
U 
0 
E 


15  Hi 


REP4^436 


^5  HZ  20ltHi 
FREQUENCY 


R£P4--439 


FREQUENCY 


20  k  Hi 

REP4'443 

Figure  31-20,  Frequency  Response  Curves 


CONFIRM  YOUR  ANSWERS 
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ANSWERS   TO  A  -  ADJUNCT  GUIDE 


1. 

true 

2. 

emitter,  base 

collector,  emitter 

3. 

15  V 

4. 

12  V 

5. 

(a) 

inc reaae 

(b) 

Inc rease 

(c) 

increase 

(d) 

decrease 

(e) 

decrease 

(0 

Increase 

6. 

(a) 

Increase 

(b) 

Increase 

(c) 

Increase 

(d) 

dec rease 

(e) 

decrease 

(0 

inc rease 

7. 

16  V 

8. 

180  degrees  out  of  phase. 

If  you  missed  ANY  questional  review 
the  material  before  you  continue. 


ANSWERS   TO  B  -  ADJUNCT  GUIDE 


1. 

Ig  =  200  fiA 

2. 

3. 

Ai  =  80 

4. 

Ap  *  200 

5. 

Ap  =  16000 

6. 

180'  out  of  pbase 

7. 

Ai  decrease 

Ay  increase 

If  you  missed  ANY  questions  review 
the  material  before  you  continue. 


ANSWERS   TO  C  -  ADJUNCT  GUIDE 


1. 

Ie  =  5  mA 

2. 

Veb  =  -sv 

3. 

Ai  =  .975 

4. 

Ay  =  60 

5. 

Ap  »  58.5 

6. 

In  phase 

7. 

Ai  decrease 

Ay  increase 

If  you  missed  ANY  questions,  review 
the  material  before  you  continue. 

ANSWERS  TO  D  -  ADJUNCT  GUIDE 
K  smaller 

2,  opposes 

3,  degenerative,  less 

4,  In 

If  you  missed  ANY  questions,  review 
the  material  before  you  continue. 

ANSWERS   TO  E  -  ADJUNCT  GUIDE 
K  decrease 
2*  increase 

3.  To  prevent  collector  current  (1^) 
variations  from  occurring  In  con* 
Junction  with  temperature  variations 

4.  negative 

5.  Increase 

6.  minority  carrier  density  would 
Inc rease 

7-    *CBO  appro3cimately  double 

If  you  missed  ANY  quesUons,  review 
the  material  before  you  continue. 
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ANSWERS  TO  F  -  ADJUNCT  GUIDE 
L,  swamping 

2.  degenerative 

3.  by  placing  a  by-pass  capacitor  in 
parallel  with  the  swamping  resistor 

4.  true 

5.  false 

6.  false,  Iq  changes  will  be  mlnlmlzedf 
but  not  prevented. 

If  you  missed  ANY  questions^  revliw 
the  material  before  you  continue. 


ANSWERS   TO  G  -  ADJUNCT  GUIDE 

1.  Hqq  would  decrease 

Ig  would  Increase 

Vqq  would  decrease 

I^  would  iQcrease,  but  not  as  much 
as  It  would  In  an  unstabllized  circuit 

2.  Degenerative  feedback 

3.  Use  a  low  pass  filter  network 

4.  Negative 

5.  The  thermistor  resistance  variations 
do  not  equal  the  transistor  emitter/ 
base  Junction  resistance  changes. 

6.  true 

'^^  ^CBO 

8.   double  diode 

If  you  missed  ANY  questions,  review 
the  materials  before  you  continue. 


ANSWERS   TO   H  -  ADJUNCT  GUIDE 

1.  a.  Amplitude  dlstortlonlsthe  result 
of  changing  a  waveform  so  that  Its 
amplitude  is  no  longer  proportional 
to  the  original  amplitude. 

b.  Frequency  distortion  results 
when  not  all  frequencies  are  ampli-* 
fied  or  attenuated  equally. 

c.  Phase  distortion  results  when 
some  frequencies  applied  to  an  ampli* 
fler  do  not  receive  the  same  time 
delay  as  other  freqtiencles. 

2.  a^  Amplitude  distortion  Is  caused 
by  the  operation  of  an  amplifier  In 
the  nonlinear  area  of  the  character- 
istic curve. 

b.  Frequency  distortion  is  caused 
by  the  reactive  components  In  an 
amplifier's  circuitry. 

c.  Ftiase  distortion  Is  also  caused 
by  the  reactive  components  In  an 
amplifier's  circuitry.  When  phase 
distortion  Is  present,  frequencydls- 
tortion  ^vlll  also  be  present. 

If  you  missed  ANY  questions,  review 
the  material  before  you  continue. 


ANSWERS  TO   1  -   ADJUNCT  GUIDE 

1.  Direct  coupling 

2.  The  inter  elemental  and  stray 
capacitances. 

3.  Low  frequency  loss'  of  gain  is 
because  of  the  couplii^  capacitor  and 
the  higher  frequency  loss  of  gain  is 
because  of  the  interelement  and  stray 
capacitances. 


4.  Tho  Xl  tho  inductor  ifl  dlroctly 
pro);}ortlonal  to  frequency,  (X|^  n 
SfttL).  BocsiuAo  tho  Inductor  is  bol^g 
used  In  places  of  tho  load  roaiator,  the 
ampUflor  gain  will  docreaae  as  the 
inptit  froquoncydocreasoa.  (n^docrcaac 
cauflca  Ay  decreaao). 

5.  For  impcdanco  matching 

IX  you  mlsaed  ANY  qucstlona,  review 
the  material  before  you  continue^ 


ANSWERS  TO  J  -  ADJUNCT  GUIDE 

1 .  a.  use 

b.  frequency 

c.  class  of  operation 

2.  a.    Class  A:  Collector  current  flows 
during  the  entire  Input  cycle. 

b.  Class  AB:  Collector  current 
flows  for  more  than  180^  of  an 
input  cycle  but  Less  360^. 

c .  Clasa  B:  Collector  current 
flows  for  exactly  half  of  an  Input 
cycle, 

d.  Class  C:  Collector  current  flows 
for  less  than  one  haU  of  an  input 
cycle. 

3.  a.    amount  of  forward  bias 

b.    amplitude  of  the  input  signal 

4.  Class  <^  operation  cannot  be 
determined. 

5.  Fidelity:  The  degree  that  the  ampli* 
fier  accurately  reproducea  at  its  output 
the  waveform  characteristics  of  the 
signal  applied  to  its  input* 


6.  Efficiency:  Tho  ratio  of  an  ampU^ 
fior  output  signal  power  to  total  input 
power. 

7.  Clasa  A 

8.  Clasa  C 

IX  you  misaed  ANY  queations,  review 
the  material  before  you  continue. 


ANSWERS   TO  K  -  ADJUNCT  GUIDE 

1 .  true 

2.  even 

3.  odd 

4.  both  odd  and  even 

U  you  missed  ANY  questions,  review 
the  material  before  you  continue. 


ANSWERS  TO  LABORATORY  EXERCISE 
31-3,  EXERCISE   *1  CURRENT  GAIN 

(The  answer  obtained  should  be 
approximately  the  same  as  below. 
Do  not  expect  them  to  be  exactly 
identical.) 

d.  Ig  ?  42  (approx) 

e.  Iq    77  ^A  (approx) 

f.  Alg  3  35  ^A  (approx) 

h.  A^  s  57  (approx) 

i.  (1)  increase 
(2)  Increase 

l^^  =  2  mA,  Ig,  =  38  ^lA  (approx) 
IC  =  4  mA,  Ifif  =  69  ^lA  (approx) 
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U     ID  =^  31  M  (approx) 

m,    Al  -  64*5  (apprnx) 

U  you  missed  ANY  Questiona,  review 
the  reference  material  before  ytJU 
continue. 


ANSWERS  TO  LABORATORY  EXERCISE 
31-1,  EXERCISE  #2  &  #3  VOLTAGE 
AND  POWER  GAIN 

5e*  9*5  V  Pk-Pk.  (approx) 

5f.  190 

6a.  10830  (approx) 

6b.  out  of  phaae 

6c.  decreased,  degenerative 

6f.    (1)  64 

(2)  decreases 

6g.    4128  (approx) 

6h.  decreased* 

If  you  missed  ANY  questions,  review 
the  reference  material  before  you 
continue. 


ANSWERS  TO  MODULE  SELF-CHECK 

I*  increases,  decreases 

2.  positive 

3.  180* 

4*  output,  input 

5.  Av   =   66.7,   Ai       40,   Ap  ^  2668 

6.  decreases,  increases 

7.  zero  degrees-in  phase 

8.  less  than  one 


33.2 


9.  Al   =   -05^  Av  =  34.0,  Ap 

10.  Al  docrcasefi.  Ay  Incre^iaes 

11.  fabac 

12.  leas 

13.  emitter  follower 

14.  increase,  positive 

15.  Ay  Increases,  Ai  decreases, 

16.  True 

17.  True 

18.  False 

Id.  amplitude,  too  little 

20.  True 

21.  reactive 

22.  more 

23.  stablU2aUon 

24.  For  Ic  -RTl,  Rd  and  CRl 
For  IcBO  -RD'  R1 

25*  zero 

26.  True 

27.  high  reactance  of  the  coupling 
capacitors,  low  reactance  of  the  stray  or 
intereletnent  capacitance 

28.  high 

29*  a«    2,    b«    3,    c.    I,    d.  4 


HAVE    YOU    ANSWERED    ALL    OF  THE 

Questions  correctly?  if  not, 
review  the  material    or  study 

ANOTHER  RESOURCE  UNTIL  YOU  CAN 
ANSWER  ALL  QUESTIONS  CORRECTLY* 
IF  YOIT  HAVE,  CONSULT  YOUR  INSTRUC- 
TOR FOR  FURTHER  INSTRUCTION* 

50-1 
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ELECTRONIC  PRINaPLES 
MODULE  32 

This  Guldanco  Package  1b  designed  to  ^ido  you  through  this  module  of  tho  Electronic 
Principles  Course,  This  Guidance  Package  contains  specific  information^  including  references 
to  other  resources  you  may  stucfy^  enabling  you  to  satisfy  tho  learning  objectives. 
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Laboratory  Exercise  7 
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Superseded  KEP-GP-32  dated  1  November  ld73»  stocks  on  hand  wlU  be  used, 

i  50B 


OVERVIEW 


TROUBLESHOOTING  SOLID  STATE  AMPLIFIERS 


1^  SCOPE:  Thlg  module  will  Infitruct  you  In  tho  basic  technlquos  of  troubleshooting  solid 
otato  ampUfioro^  It  will  ftirther  provide  practical  oxporlenco  In  the  use  of  tost  oqulpment  to 
detormlne  tho  causo  of  a  malfunction  In  a  translator  voltage  amplifier. 

2«  OfiJECnVE:  Upon  completion  of  this  module  you  should  be  able  to  satisfy  the  following 
objoctivc: 

Given  a  tralnerhavlnganinoperatlvetranalstorvoltage amplifier  circuity  schematic  diagram^ 
multimeter^  signal  generator^  and  oscilloscope^  determine  the  faulty  component  two  out  of 
three  times* 


TURN  TO  THE  NEXT  PAGE  AND  PREVIEW  THE  LIST  OF  RESOURCES.  DO  NOT  HESITATE 
TO  CONSULT  YOUR  INSTRUCTOR  IF  YOU  HAVE  ANY  QUESTIONS. 
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LEST  OP  RE30URCE3 

TROUBLESHOOTING  SOLID  STATE  AMPLIFIERS 

To  satloJV  the  objective  of  this  module,  you  may  choooe.  according  to  your  training,  expert* 
encei  and  preferences,  any  or  all  of  the  following; 

READING  MATERIALS: 
Adjunct  Guide  with  Student  Tesct* 


SELECT  ONE  OP  THE  RESOURCES  AND  BEGIN  YOUR  STUDY. 
CONSULT  YOUR  INSTRUCTOR  IP  YOU  REQUIRE  ASSISTANCE. 

2  i''. 

o 

ERLC 


ADJUNCT  GUIDE 


TnOUBLESHOOTING  SOLID  STATE  AMPLIFIERS 


INSTfiUCTlONS: 


Study  the  referenced  materlala  as  directed* 


Return  to  this  guide  and  answer  the  questions. 


t 


Check  your  answers  against  the  answers  at  the  top  of  the  next  even  numbered  page  following 
the  questions. 

If  you  experience  any  difUculty,  contact  your  instructor. 
Begin  the  program. 


The  ability  of  an  electronic  technician  to  TROUBLESHOOT  Is  essential  to  all  electrical 
maintenance.  If  you  desire  to  become  a  productive  technician,  you  must  develop  this  ability. 
It  does  not  come  naturally^  nor  can  it  be  learned  from  a  book.  The  technique  of  trouble* 
shooting  is  learned  through  practice.  This  module  provides  extensive  practice  and  will  prepare 
you  for  the  more  complex  troubleshooting  problems  you  will  encounter  later  in  this  course, 
and  subsequently  as  a  technician  in  a  maintenance  shop. 

A.  Turn  to  Student  Text  Volume  IV  and  read  paragraphs  3*173  thru  3-196.  Return  to  this  page 
and  answer  the  following  questions. 


Hefer  to  the  above  diagram  for  the  following  questions. 

L  The  amplifier  has  malfunctioned  and  the  following  symptoms  are  present;  Collector  cur- 
rent and  collector  voltage  are  zero.  The  voltage  drop  across  equals  the  supply  voltage.  The 
collector  waveshape  is  extremely  small.  The  trouble  is  . 


REP4-126? 
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ADJUNCT  GUIDE 

2,  Tho  amplifier  has  mnlfunctlonod  and  thn  following  symptoms  are  prespnt;  The  collector 
voltage  equals  the  supply  voltage^  There  Is  no  waveshape  at  the  collector.  The  base  waveshape 

and  the    baae      current  are  near  normal.  The  trouble  Is   , 

3«  The  amplifier  has  mai functioned  and  the  following  symptoms  are  present:  Collector  cur- 
rent has  Increased  to  near  5  mA  and  the  voltage  across  is  approaching  the  supply  voltage. 
There  are  no  collector  Nvaveshapcs  and  the  collector  voltage  Is  near  zero.  The  base 
voltage  Is  near  normal.  The  trouble  is  , 
4«  The  amplifier  has  failed  and  the  following  symptoms  are  present:  The  collector  voltage 
equals  the  supply  voltage,  the  collector  current  is  zero  and  there  is  no  collector  waveshape* 
The  base  waveshape  Is  near  normal  *  trouble  is  * 
5*    The  amplifier  has  malfunctioned  and  the  following  ^mptoms  are  present*         and  Ip 

Li  ^ 

are  near  zero,         is  near  ^qq*         collector  waveshape  Indicates  class  B  operation.  The 

trouble  is  ,  * 

6,  The  amplifier  has  malfunctioned  and  the  following  symptomsare  present;  The  base  voltage 
equals  the  supply  voltage.  The  collector  current  has  increased  to  near  5  mA  and  the  collector 
voltage  is  near  zero.  There  are  no  base  or  collector  waveshapes.  The  trouble  Is  — 


ADJUNCT  GUIDE 

7*    Hio  ampUfior  \it\B  malfunctlonod  and  the  following  symptoms  are  present:      Is  above 
normal  and  tho  coUoctor  voltage  Is  bolow  normal*         is  high*  The  base  wavoshape  l8  near 
normal*  Ttio  collector  wavoshapo  IncUcatos  that  saturation  distortion  is  presont*  The  trouble 

15  * 

S,  Tho  amplifier  has  malfunctioned  and  the  following  symptoms  are  present:  is  near  zero 
and  the  collector  voltage  Is  near  ^^q*  voltage  Is  zero*  There  are  no  base  or  collector 

waveshapes*  The  trouble  is  ■  * 
9,    The  amplifier  has  malfunctioned  and  the  following  symptoms  are  present:  All  voltLgeo  and 
currents  are  normal*  There  is  no  base  or  collector  waveshape*  The  trouble  is  , 


10*  The  amplifier  has  malfunctioned  and  the  following  symptoms  are  present;  All  voltages 
and  currents  are  normal*  The  base  and  collector  waveshapes  are  normal*  There  Is  no  wave- 
shape at  the  output  terminals*  The  trouble  Is  -  - 
It*  The  amplifier  has  malfunctioned  and  the  following  symptoms  are  present:  All  voltagec 
and  currents  are  normal*  The  collector  waveshape  is  lower  than  normal  in  amplitude  but  Is 

not  distorted*  The  base  waveshape  Is  normal*  The  trouble  Is    * 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE* 


6*  Turn  to  Laboratory  Exercise  32-1*  This  exercise  will  provide  valuable  experience  trouble- 
shooting a  transistor  voltage  amplifier*  It  will  also  provide  practice  in  the  correct  use  of  test 
equipment  for  the  purpose  of  troubleshooting*  Return  and  continue  with  this  program* 
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ADJUNCT  GUIDE 


ANSWERS  TO  A: 

1.  open 

2.  R^  shorted 

3.  shorted 

4.  open  or  R^  open 

5.  Rj^  open 

6^  shorted 

7,  Rg  open  or  Rg  or  C3  shorted 

8.  Rg  shorted 
9-  open 

10^  open 
11.  open 

If  you  missed  ANY  questions^  review  the  material  before  you  coatinue. 
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LABORATORY  EXERaSE 


32-1 

TROUBLESHOOTING  SOLID  STATE  AMPLIFIERS 

OBJECTIVE:  Givett  a  trainer  having  an  Inoperative  transistor  voltage  ampUfier  clrcultj 
schematic  diagram^  multimeter^  signal  generator^  and  oaciUoscopej  determine  the  faulty 
component  two  out  of  three  times. 

EQUIPMENT:  Transistor  Voltage  Amplifier  Trainer,  #5960. 

Oscilloscope^  LA-261 
Multimeter^  PSM-^G 
Signal  Generator,  #4664. 

REFHIRENCES;  Student  Text>  Volume  IV,  Chapter  10^  Paragraphs  3-172  through  3-196. 

CAUTION:     OBSERVE  BOTH  PERSONNEL  AND  EQUIPMENT  SAFETY  RULES  AT  ALL 
TIMES.  REMOVE  WATCHES  AND  RINGS* 

The  transistor  amplifier  trainer  has  built-in  troubleshooting  capabilities.  The  compartment 
at  the  rear  of  the  trainer  allows  access  to  the  switches  to  be  used  for  Inserting  the  troubles. 
The  following  troubles  are  available. 

a.  Open  collector  circuit. 

b.  Open  emitter  circuit. 

c.  Open  Biasing  arrangement. 

d.  Open  output. 

e.  Open  input. 

f.  Shorted  transistor. 

Troubleshooting  Involves  the  use  of  test  equipment  to  obtain  voltage  measurements^  current 
measurements!  ^^d  to  observe  voltage  waveshapes.  These  measurements  and  observations  are 
then  analyzed  to  determine  the  probable  cause  of  a  malfunction.  It  is  iniportant  to  realize 
that  no  test  equipment  can  be  used  to  make  measurements  or  to  observe  waveshapes  without 
modifying  the  circuit  characteristics  to  sonne  degree.  Because  of  this,  it  is  Important  that 
only  one  measurement  or  observation  be  made  at  a  time. 

This  laboratory  exercise  will  provide  practice  in  associating  symptoms  of  a  malfunction 
to  a  specific  trouble  and  will  be  conducted  in  the  following  sequence: 

a,  *The  normal  voltage,  current,  and  waveshape  measurements  will  be  taken  and  recorded 
on  the  troubleshooting  summary  chart  (Figure  16). 

b,  A  known  trouble  will  then  be  placed  In  the  trainer.  The  current,  voltage  and  waveshape 
measurements  will  be  taken  and  recorded  In  the  appropriate  blocks  on  fi^re  16  for  that 
specific  trouble. 

c,  Next  you  will  be  questioned  to  assure  assoclationof  the  abnormal  readings  to  the  inserted 
trouble. 
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d.    This  proccchtro  will  be  repeated  for  all  six  trouble^]. 

NOTE:  Before  beginning  the  exercise  detach  figures  15  and  16  from  the  rear  of  this  guidance 
package.  Figure  15  Illustrates  the  proper  test  equipment  connections  for  this  practice  exercise 
and  figure  16  Is  the  troubleshooting  summary  chart. 

An  answer  sheet  with  a  conclusion  and  a  troubleshooting  summary  chart  for  each  exercise 
is  in  the  back  of  this  guidance  package.  Answer  the  questions  carefully  before  comparing  wltli 
the  answer  sheet.  Your  instructor  will  help  you  with  any  points  that  are  not  clear, 

PRELIMINARY  INSTRUCTIONS  FOR  TRANSISTOR  VOLTAGE  AMPLIFIER 

a.  Plug  in  the  oscilloscope  and  signal  generator  and  turn  them  ON, 

b.  Preset  the  switches  on  the  trainer  to  obtain  the  following  circuit  conflguraton  and  plug 
the  trainer  into  a  UOV  AC  outlet. 


c.    Connect  the  output  of  the  signal  generator  (sine  wave  output)  to  TP2  and  TP3  on  the  trainer, 

d*  Connect  the  "A"  channel  input  of  the  oscilloscope  to  the  output  of  the  signal  generator 
(TP4  and  TP5), 

e.  Connect  the  trigger  input  to  TP13,  Adjust  the  output  of  the  signal  generator  for  a  10  kHz 
sine  wave  with  an  amplitude  of  ,05  V  pk-pk  as  read  on  the  oscilloscope,  (Set  trigger  selector 
to  EXT+  and  mode  selector  to  AUTO), 

PROCEDURES    FOR   MEASURING   CURRENT,  VOLTAGE,  AND  WAVESHAPES 

1,  The  first  step  in  the  exercise  will  be  to  establish  what  the  NORMAL  currents,  voltages, 
and  waveshapes  are  for  the  Transistor  Voltage  Amplifier,  Follow  the  sequence  and  procedures 
outlined  below  to  measure  and  record  the  values  for  the  circuit.  Record  the  values  and  draw 
the  waveshapes  in  column  1»  Figure  16,  Troubleshooting  Summary  Chart, 

CURRENT  MEASUREMENTS 

a.    Base  Current  (Ig)  (TP6  tp  TP7)  Place  the  PSM6  on  the  Special  100m  Amp  function  and 
insert  the  leads  In  TP6  and  TP7,  Place  S*5  In  the  open  position  and  read  the  base  current. 
Remove  the  PSM6  and  place  S5  in  the  closed  position. 


REP4^1264 


Figure  1,  Schematic  Diagram  of  Trainer  Circuit 
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LABORATORY  EXERCTSE 

NOTE:     TO  PREVENT  DAMAGE  TO  METER,  change  function  and  range  switches  before 
Inserting  Loads  In  TP-L2  and  TP-13  (Below) 

b.  Collector  Oirrent  (TP12  to  TP13).  Place  the  PSM6  on  the  mAmp  function  and  the 
range  switch  on  10*  Insert  the  leads  In  TP12  and  TP13*  Place  37  to  the  open  position  and  road 
the  collector  curront.  Remove  the  PSM6  leads  and  place  37  to  the  closed  po&ltion* 


DC  VOLTAGE  MEASUREMENTS 

c.  Voltage  Drop  across  R^  ^^^\)*  TP12).  Place  the  PSM6  function  switch  on  the 
201c/Volt  function  and  the  range  switch  on  50*  Measure  and  record  the  voltage  between  TPl 
and  TP12  (E^^)* 

d.  Collector  Voltage  (V  )  TPS  to  TPll).  Insert  leads  of  PSM6  between  TPS  and  TPll. 
Measure  suid  record  the  DC  voltage  (V^)* 

e.  Emitter-Base  Voltage  (V^g).  (TP7  to  TP9).  Insert  leads  of  PSM6  In  TP7  and  TP9. 
Measure  and  record  the  DC  voltage  (V_-^)* 


PK/PK VOLTAGE  AND  WAVESHAPE  MEASUREMENTS 

f*  Slnewave  Signal  Input  (TP2X  Measure  the  PVPk  amplitude  of  the  input  signal  from  the 
signal  generator*   Re-adJust  to  *05V  PVPk  if  necessary*  Draw  the  waveform  observed  at  TP2. 

Base  Voltage  and  Waveform  (TP7)*  Measure  and  record  the  Pk/Pk  amplitude  of  the  sine* 
wave  signal  observed  at  TP7*  Draw  the  waveform  observed  at  TP7* 

h.  Collector  voltage  and  Waveform  (TP8)*  Measure  and  record  the  Fic/Pk  amplitude  of  the 
slnewave  signal  observed  at  the  collector  (TP8).  Draw  the  waveform  observed  at  TPS. 

i.  Output  Voltage  and  Waveform  (TPIO)*  Measure  and  record  the  Pk/Pk  amplitude  of  the 
slnewave  signal  observed  at  the  output  of  Transistor  Voltage  amplifier  (TPIO)*  Draw  the 
waveform  ot>served  at  TPIO* 


NOTE:  Before  continuing  with  the  exercise^  compare  your  reconled  results  with  those 
indicated  on  figure  2*  There  is  an  allowance  for  slight  differences  due  to  the  trainer  used 
and  the  associated  test  equipment*  U  your  measurements  differ  greatly  with  those  indicated 
as  correct^  call  the  instructor*  If  your  measurements  are  the  same  or'slmllar^  continue  with 
the  next  part  of  the  exercise* 


ERIC 


2.  The  trainer  has  the  capability  of  simulating  six  different  troitbles  as  indicated  at  the  top 
of  Figure  16*  These  troubles  can  be  simulated  selecting  the  proper  switch  located  on  the 
trainer*  Access  to  the  compartment  may  be  made  opening  the  door*  We  will  treat  each 
problem  separately  and  1q  two  steps*  The  first  step  will  be  to  insert  the  troutile  suid  then 
measure  and  record  the  currents^  voltages^  and  waveforms  in  the  same  sequence  as  was  fol- 
lowed when  the  measurements  were  made  for  normal  circuit  operation.  The  second  step  will 
be  to  compare  these  readings  with  the  normal  readings  in  an  effort  to  establish  an  insight  to 
circuit  malfunctions* 
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Figure  3.  Trouble  switch  location  for  an  open  collector  circuit. 


TflOXJBLE#l:  OPEN  COLLECTOfl  aflCUIT< 

Insert  the  trouble  *'Open  Collector  Circuit"  by  raising  the  switch  In  the  compartment. 
(Nbte  Figure  3  for  electrical  location  of  sjrttch,)  Adjust  the  output  of  the  signal  generator  for 
a  ,05  vdlt  Vk/^  signal  with  the  oscilloscope,  flecord  and  draw  the  waveform  on  ftgure  16, 
at  Item  f,  column  2^  "Open  Collector  Circuit," 
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LABORATORY  EXEnClSE 

FoUowing  tho  samo  procodurtis  and  soquonco  that  you  foUowod  for  obtaining  tho  normal 
currents,  voltagos,  and  wavoforma,  moamir^  and  record  th«)  valuos. 

Aftor  recording  tho  data,  compare  the  resulta  with  thono  that  wore  obtained  and  recorded 
In  column  U  "Normal  Voltagen^  CUrrenta,  and  Waveshapes/^ 

Answer  the  following  questionfl  pertaining  to  the  trouble  "Open  Collector  Qrcult/'  When 
anaiiverlng  the  questions^  refer  to  both  Figure  3  and  the  Troubleshooting  Summary  Chart  In 
order  to  arrive  at  your  answer. 

1.    Why  did  the  base  current  Increase  with  an  open  collector? 
Answer: 


2,  Why  did  the  collector  current  decrease  to  zero? 
Answer: 


3,  Why  did  the  cdUector  ventage  increase  to  the  applied  voltage? 
Answer: 


4,  Why  did  the  FIc/Hc  slnewave  afgnal  decrease  to  zero? 
Answer: 
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Figure  4.  Trouble  switch  location  for  an  qpen  emitter  circuit. 
TROUBLE  #2:  OPEN  EMITTER  CTRCUIT 

Insert  the  trouble  In  the  trainer  by  raising  the  switch  marked  "Open  Emitter  Circuit'*  In 
the  compartment  on  the  trainer.  Before  taking  your  measurements,  a<ijust  the  output  of  the 
Signal  generator  for  .05  volts  Plc/Pk.  Refer  to  Figure  4  for  the  electrical  location  of  the  switch 
that  simulates  the  trouble  "Open  Emitter  Circuit.** 


LABORATOny  EXEflCtSK 


Follow  procoduroa  for  taking  current  £^nd  voltaigo  meaauromonts^  and  obtsLlnlng  wsLve- 
shaped  used  whon  you  obtained  tho  normal  meaauromonta  on  pagoe  6  and  0«  flocordyour 
moasurements  and  draw  the  waveforms  that  you  obaerve  In  column  3  under  "Open  Emitter 
Circuit"  on  the  Trcubleshootlng  Summary  Chart* 

After  completing  column  3,  compare  your  results  with  the  NORMAL  roadlngs  In  column  1 
and  answer  tho  following  questions,  Vse  both  tho  troubleshooting  summary  chart  and  figure 
4  whoa  answering  the  questions^ 

1,    Why  Is  ip  and  Ip  zero  with  an  opon  emitter  circuit? 


3,    Were  you  able  to  observe  aa  output  slnewave  signal  at  the  collector  of  the  transistor  (TP8)? 


Answer; 


2,    What  value  of  V    did  you  read? 


Why  should  V   be  this  value? 


Answer; 


If  not,  why  ? 


4,  Was  there  an  output  signal  slnewave  observed  at  TPIO? 
why? 


If  none  was  observed^ 
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Figure  5,  Troutsle  switch  location  for  open  bluing  arrangement. 


TROXTBLE*3:  OPEN  BIASING  ARRANGEMENT 

Initert  the  trouble  In  the  trainer  by  raising  the  switch  marked  "Open  Biasing  Arrangement" 
In  the  compartment  on  the  trainer.  Before  taking  your  measurements,  adjust  the  output  of  the 
signal  generator  for  ,05  volts  iVPk.  Refer  to  Figure  5  for  the  electrical  location  of  the  switch 
that  sinudates  the  trouble  "Open  Biasing  Arrangement," 

522 
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Follow  tho  procoduros  for  t«Wng  current  and  voltage  meaauroments,  and  oWalning  wave- 
BhapoB  Tocatod  on  pages  8  and  0.  Record  your  meaauromonta  and  draw  ^-^^^'^J^^*** J^*^ 
obaVrve  Iti  column  4  under  "Open  Blaalng  Arrangement"  on  the  Troubleshooting  Summary 
Chartp  Flguro  16. 

After  completing  column  4.  compare  your  ronulta  with  the  NORMAL  ^°J""" 
and  anawer  the  following  queatlons.  Use  both  the  troubleshooting  summary  chart  and  figure  4 
when  ansvrorlng  the  questions. 


I. 


Why  did  1(,,  Ig,  and  V^^  reduce  to  Zero? 


2.    What  value  of  V^,  did  you  read? 


Why  did  V^j  Increaae  to  thla  value? 


3. 


Why  lan't  there  a  algnal  observed  at  the  coUector  or  at  the  output  of  the  trainer? 
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Fl^re  6.  Trouble  0wltch  locatlonforanopenoutput 
TROUBLE  #4:  OPEN  OUTPUT. 

Insert  the  trouble  In  the  trainer  by  raislngthe  switch  marked  ''Open  Output^^  In  the  compart^ 
ment  on  the  trainer.  Before  taking  your  measurements^  adjust  the  output  ct  the  signal  generator 
for  .05  vMb  Plc/Pk.  Refer  to  tl^re  6  for  the  electrical  location  of  the  switch  that  simulates  the 
trouble  ''Open  Output.^'  At  this  point,  attempt  to  predict  what  type.of  readings  you  should 
obtain  and  what  waveforms  should  be  present* 


LABORATORY  EXERCISE 


Follow  tho  samo  procodures  for  taking  curront  and  voLtago  ireasuromontSf  and  obtaining 
wavoshapofl  used  whon  you  obtained  tho  normal  moasuremonts  on  pages  6  and  9.  Rocord 
your  moasuremontB  and  draw  the  wavofortns  that  you  obsorvo  In  column  &  undor '^Open 
Output"  on  tho  TrcKibloshooting  dammsiry  Charti  Figure  10. 

After  comploting  column  comparo  your  rosults  with  tho  normal  readingv  m  Column  1  and 
answor  tho  following  questlona.  Uso  both  the  Tnmbto shooting  Minima ry  Chart  and  figure  8 
whon  answering  the  questions. 

1.  Was  there  any  major  difference  between  the  voltagos  and  currents  that  you  moasurod  for 
this  exorciae  compared  to  normal  volages  and  currents  ?  Why  ? 


2,    Was  there  a  waveform  observed  at  the  collector? 


3.    Wa3  there  a  waveform  ot>served  at  the  output  of  the  trainer?   What 

component  would  prevent  an  output  from  being  ol>served  at  the  output  of  the  trainer? 
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Ftgure  7*  Trouble  switch  location  for  an  open  input 
TROUBLE  #5:  OPEN  INPUT 

Insert  the  trouble  tn  the  trainer  by  raising  the  switch  marked  "Open  Input"  in  the  compart- 
ment on  the  trainer.  Before  taking  your  measurements,  adjust  the  output  of  the  signal  generator 
for  *05  volts  Pk/Pfc.  Refer  to  figure  7  for  the  electrical  location  of  the  switch  that  simulates 
the  trouble  "Open  Input/'  While  observing  figure  7^  attempt  to  predict  the  outcome.  Analyze 
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which  waveforms  should  be  prasent  and  which  ones  should  bo  absent  Follow  the  procedures 
for  taking  current  and  voltage  meamirements  and  obtaining  waveshapes  used  when  you  obtained 
the  normal  meaaurements  on  pagos  8  and  0*  Record  your  measurements  and  draw  the  wave- 
forms that  you  bbaerve  in  column  6  under  "Open  Input"  on  the  Troublestiootlng  Summary 
Chart,  Figure  IG, 

After  completing  column  0,  compare  your  results  with  the  readings  in  column  i  and  answer 
the  following  questions*  Use  both  the  Troubleshooting  Summary  Chart  and  Figure  7  when 
answering  the  questions* 

Why  Isn't  there  a  waveform  present  at  the  base^  collector^  or  at  the  output  of  the  trainer? 


2*    Why  were  aU  of  the  voltages  and  currents  measured  close  to  the  normal  values? 


3,    How  could  you  pinpoint  the  prolflem  to  an  open  coupling  capacitor? 
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TROUBLE  #fl:  SHORTED  TRAN3I3TOR 

Inflort  the  troubio  in  the  trainer  by  raising  the  switch  marked  "Shorted  T^anslfltor^'  in  the 
compartment  on  the  trainer.  Before  taking  your  measurements,  adjust  the  output  of  the  signal 
generator  for  .05  volts  Bc/Pk.  Refer  to  fi^re  8  for  the  electrical  location  of  tho  switch  that 
simulates  the  trouble  "Shorted  Transistor." 

Follow  the  procedures  for  taking  currentandvoltage  measurements  and  obtaining  waveshapes 
used  when  you  obtained  the  measurements  on  pages  8  and  9«  Fecordyour  measurements  and 
draw  the  waveforms  that  you  observe  in  column  7  under  ''Shorted  Transistor"  on  the  Trouble* 
shooting  Summary  Chart,  Fl^re  18*  While  observing  fi^re  8,  see  if  you  can  predict  what 
abnormal  readings  will  bo  present  and  whether  or  not  you  will  bo  able  to  obtain  an  output  from 
the  amplifier  with  a  shorted  transistor. 

After  completing  column  T|  compare  your  results  with  the  readings  in  column  1  and  answer 
the  following  questions.  Use  both  the  Troubleshooting  Summary  Chart  and  Figure  8  when 
answering  the  questions. 

U    Why  did  collector  current  almost  double  in  value? 


2.    Why  is  E^,  almost  the  same  value  as  V  7 
nL 


3«    What  prevents  an  output  from  being  observed  at  the  output  of  the  trainer? 
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EXERCISE  I  ANSWERS  AND  EXPLANATION  (OPEN  COLLECTOR) 
Soo  Figure  0  for  Voltx^ge,  CUrrontt  and  Wavoforma 

1-  No  cloctrona  can  flow  through  the  baso  to  tho  colloctor  when  the  collector  la  open.  There- 
fore there  are  more  elect rona  to  flow  out  of  the  baae  Increasing  the  baae  current 

2.  There  muat  be  a  contlnuoua  circuit  from  ground  to  V^c  through  the  emitter  realator, 
tranalator,  and  load  realator  In  order  for  current  to  flow.  If  any  element  la  open  there  \v1U  be 
no  current  flow.  Collector  current  will  be  zero  when  the  collector  la  open* 

3«    Normally  part  of  the  voltage  la  dropped  acroaa  each  element*  When  the  collector  la  open 
all  of  the  voltage  la  dropped  acroaa  the  open  element  ^a  thla  la  now  an  Infinitely  large  resist- 
ance. The  load  resistor  is  small  by  comparison  and  drops  no  voltage,  so  collector  voltage  (V^) 
becomes  equal  to 

4,  the  sine  wave  signal  Is  blocked  by  the  open  collector  and  cannot  be  seen  beyond  the  open 
element.  Pk-Pk  voltage  la  the  result  of  changes  in  voltage  and  as  collector  voltage  is  now  ^ 
constant        no  waveform  appears  on  the  oscilloscope. 

CONCLUSION:  With  an  open  collector  circuit,  I^  decreases  to  zero,  Vq  Increases  to  V^^, 
and  there  is  no  slnewave  signal  observed  at  the  output. 


EXEROSE  2  ANSWERS  AND  EXPLANATION  (OPEN  EMITTER) 

See  Figure  lO  (next  page)  for  voltage  and  current  values,  and  waveforms. 

h  current  to  both  base  and  collector  must  flow  through  the  emitter.  When  there  is  an  open 
emitter  no  current  can  flow  through  the  emitter  to  either  the  base  or  collector  so  I^  and  Ic 
must  be  zero. 

2.  The  open  emitter  acts  like  a  very  large  resistor  so  all  of  Ihe  voltage  is  dropped  acrosa 
the  open  and  very  little  across  the  load  resistor  so  voltage  measured  at  the  collector  (V^) 
is  e(iual  to  the  applied  voltage  (^qq)* 

3.  there  is  no  sine  wave  at  the  collector  because  with  the  emitter  open  the  transistor  is  cut 
off  and  does  not  pass  the  signal  from  base  to  collector.  The  collector  voltage  (Vq)  remains 
at  V^^  and  shows  on  the  oscilloscope  as  a  straight  horizontal  line. 

4«  There  will  be  no  sine  wave  at  TP-IO  (Ou^ut)  because  the  signal  was  Interrupted  at  the 
transistor.  If  there  la  no  sine  wave  at  the  collector  there  will  be  none  beyond  that  point* 

CONCLUSION:  With  an  open  emitter,  I  and  I  are  zero,  is  equal  to  the  applied  voltage 
(V^),  and  there  Is  no  sine  wave  signal  at^e  collector* 
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EXEROSE  3  ANSWERS  AND  EXPLANATION  (OPEN  BIASING  ARRANGEMENT) 
Sco  Figure  U  for  voltago  and  current  values,  wavoformSp 

4p    There  la  iio  forward  bias  on  the  transistor  when  there  1b  an  open  In  the  biasing  arrange- 
montp  Without  forward  bias  the  translator  la  cut  oftp  At  cut  off,  the  refilstance  is  very  largo 
00  no  current  can  flow  from  the  emitter  to  either  the  baae  or  the  collectorp 

^EB  becauae  both  the  emitter  and  baae  are  at  ground  potential. 

2p  Vc  should  be  equal  to  Vqc  <20  V).  When  the  translator  la  cut  off  the  resistance  la  infinite, 
all  of  the  voltage  appeara  acroaa  the  tranalator. 

3,    The  cut  off  transistor  wilt  not  paas  either  AC  or  DC  current.  The  alne  wave  algnal  la  an 
AC  current  and  ao  will  not  pasa  from  the  base  to  the  collector  and  ao  cannot  be  aeen  at  either 
the  collector  or  outputp 

CONCLUSION:  With  an  open  biasing  arrangemonti  there  la  zero  I^  and  Ig*  la  equal  to 
V^p,  and  there  Is  no  signal  obaerved  at  the  output. 


EXERCISE  4  ANSWERS  AND  EXPLANATION  (OPEN  OUTPUT) 
See  Figure  12  for  voltage  and  current  values*  and  wavefonnSp 

1.    NOp  Voltages  and  currents  measured  with  an  open  output  ahould  be  substantially  the  aame 
as  those  measured  wlthmit  any  malfuncttoru  An  open  output  has  no  effect  on  the  DC  current 
through  the  transistor  nor  on  the  voltage  on  the  base  or  collector.  Alao,  an  open  output  haa  no. 
effect  on  the  sine  wave  algnal  until  the  algnal  reachea  the  open  component* 

2p    There  was  a  normal  wave  form  at  the  collector. 

3^    There  was  no  wave  form  at  the  output. 

The  only  component  between  the  collector  and  the  output  Is  the  coupling  capacitor  so  the 
trouble  had  to  be  that  this  capacitor  was  open. 

CONCLUSION:  With  an  open  output,  all  voltages  and  currents  are  normal.  The  Input  and  ou^t 
from  tbe  transistor  are  normal.  The  output  from  the  trainer  la  prevented  from  being  observed 
due  to  an  open  coupling  capacitor. 
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Figure  12.  Voltage,  Current  and  Waveshapes  with  an  c^n  output. 
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EXEKaSE  5  ANSWERS  AND  EXPLANATION  {OPEN  INPUT) 

m 

Boo  Figure  13  for  voltago  and  current  values,  and  wavofortns* 

U    Tho  waveform  progresses  through  the  amplifier  from  Input,  through  the  coupling  capacitor 
to  the  batio  of  the  transistor  then  to  the  collector,  coupling  capacitor  and  output*  If  the  wave^ 
form  does  not  appiiar  at  any  TP  along  this  path  It  will  not  appear  beyondthat  TP*  When  It  doed 
not  appear  at  TP-7  It  will  not  appear  at  tP-B  or  TP-10  and  the  trouble  wUl  bo  located  between 
the  Input  and  TP-7«  * 

2«  DC  current  and  voltage  paths  are  Intact  and  the  components  that  the  DC  passes  through  are 
functioning  properly*  The  waveform  rides  on  this  DC  reference  and  has  only  a  small  effect 
on  the  DC  currents  and  voltages* 

3«  vvith  normal  DC  current  and  voltage,  the  trouble  must  be  in  the  waveform  signal  path* 
When  the  waveform  does  not  appear  at  any  test  points  the  trouble  must  be  at  the  Input  The 
only  component  that  the  waveform  passes  through  between  the  Input  (TP-2)  and  TP~7  Is  the 
Input  coupling  capacitor  so  this  component  must  be  open. 

CONCLUSION:  With  an  open  Input  coupling  capadtor*  all  DC  currents  and  voltages  are  close 
to  normal*  The  slnewave  signal  does  not  appear  on  the  base,  coUectori  or  the  output 


EXERCISE  6  ANSWERS  AND  EXPLANATION  (SHORTED  TRANSISTOR) 

See  Figure  14  (next  page)  for  voltage  and  current  values,  and  waveforms* 

1*  The  transistor  normally  provides  resistance  to  the  flow  of  current*  When  the  transistor 
Is  shorted  there  is  no  resistance  so  there  is  an  Increase  In  current  flow* 

2,  Normally,  a  DC  current  path  Is  from  ground  thr<^h  the  emitter  resistor,  through  the 
transistor,  and  through  the  load  reslstbr.  This  is  a  voltage  divider  network  so  part  of  the  voltage 
Is  dropped  across  each  component*  When  the  transistor  ts  shorted^  the  voltage  is  dropped  only 
across  the  two  resistors*  As  the  emitter  resistor  Is  only  about  1%  as  large  as  the  load 
resistor,  most  of  the  voltage  wUl  be  drt^ed  across  the  load  resistor,  so  E^  will  be  almost 
as  large  as  V^^* 

3*  The  output  waveform  is  developed  by  the  variation  In  the  resistance  of  the  transistor 
which  normally  allows  more  current  to  flow  on  the  positive  alternation  (more  forward  Was) 
and  less  current  to  flow  on  the  negative  alternation.  With  shorted  maximum  current  flows 
at  all  times  and  is  not  effected  by  changes  In  bias*  Hierefore  the  output  of  the  transistor  Is 
DC  current  which  does  not  pass  the  coupling  capacitor  to  the  output 

CONCLUSION:  With  a  shorted  transistor,  1^  increases,  decreases  to  almost  zero,  and 
there  is  no  ouvput  from  the  circuit* 
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OVERVIEW 

SELECTED  SOLID  STATE  DEVICES 

1.  SCOPES  Thla  module  will  Instruct  you  In  the  construction  and  basic  operation  of  the  Unl^* 
Junctlou  Tranttlstor,  the  Junction  Field  Effect  Transistor,  the  Metal  Oxide  Semiconductor 
Flekl  Effect  Translator,  the  Tunnel  Diode,  the  Varactor  Dlodo,  and  the  Silicon  Controlled 
Rectifier.  It  will  further  Instruct  you  on  the  application  and  physical  characteristics  of  Inte- 
grated circuits. 

2.  OEJJECTIVES;  Upon  compleUon  of  this  module  you  should  be  able  to  satisfy  the  following 
objectives: 

a.  From  a  list  oi  statements,  select  the  stateTDent(s)  that  descrlbe(s)  the  Idgh  and  low 
conduction  conditions  of  the  Unijunction  Transistor. 

b.  From  a  list  of  statements,  select  the  statement(s)  that  descrlbe(s)  the  conduction 
conditions  of  a  Junction  Field  Effect  Transistor. 

c.  Given  a  schematic  diagram  of  a  Junction  Field  Effect  Transistor  amplifier  in  the 
common  source  configuration,  determine  the  effect  input  voltage  changes  have  on  drain 
current. 

d.  Given  a  list  of  statements,  select  the  5tatement(s)  that  descrlbe(s}  conduction  in 
enhancement  and  depletion  Metal  Oxide  Semiconductor  Field  Effect  Transistor. 

e.  Given  a  list  of  statements,  select  the  5tatement(s)  that  descrlbe(5)  junction  operation 
of  a  tunnel  diode  in  terms  of 

(1)  doping. 

(2)  tunneling. 

i.  Given  a  characteristic  curve  for  a  tunnel  diode  and  a  list  of  statements,  select  the 
statement(s)  that  correlate(s)  its  operation  to  areas  and  points  on  the  curve. 

g.  Given  a  list  of  statements,  select  the  statement(s)  that  describe(s)  the  effect  of  a 
changing  bias  voltage  on  the  capacitance  of  a  varactor  diode. 

h.  From  a  list  of  statements,  select  the  statement(s}  that  descrlbe(5)  the  operation  of 
a  Silicon  Controlled  Rectifier  in  terms  of 

(1)  breakover  voltage. 

(2)  high  conduction. 

(3)  holding  current. 

i.  Given  a  list  of  statements,  select  the  statement(s)  that  describe(s)  the  effect  of  gate 
to  cattiode  potential  on  breakover  voltage  of  a  Silicon  Controlled  Rectifier. 

j.  Given  a  list  of  statements,  select  the  statement's)  that  describe(s)  the  operation  of 
a  Zener  Diode  in  terms  of 
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(1)  doping 

(2)  voltage  regulation 

k*  Given  a  list  of  atatements,  select  the  one  which  describes  applications  of  Integrated 
circuits* 

I*  Given  a  list  of  statements^  select  the  one  which  describes  the  physical  character- 
istics of  Integrated  circuits* 


AT  THIS  POINT,  YOU  MAY  TAKE  THE  MODULE  SELF-CHECK*  IF  YOU  DECIDE  NOT  T» 
TAKE  THE  MODULE  SELF-CHECK,  TURN  TO  THE  NEXT  PAGE  AND  PREVIEW  THE  LIST 
OF  RESOURCES*  DO  NOT  HESITATE  TO  CONSULT  YOUR  INSTRUCTOR  IF  YOU  HAVE  ANT 
QUESTIONS* 


LIST  OF  RESOURCES 


SELECTED  S&LW  STATE  DEVICES 


To  satlsty  the  objectives  ot  this  module,  you  may  chooso,  according  to  your  training, 
experience,  ani!  preferences,  any  or  all  o(  the  following: 

READING  MATERIALS; 
Digest 

Adjunct  Guide  with  Student  Text 


SELECT  ONE  OF  THE  RESOURCES  AN©  BEGIN  YOUR  STUDY  OR  TAKE  THE  MODULE 
SELF-CHECK. 

CONSULT  YOUR  INSTRUCTOR  IF  YOU  RE^UffilE  ASSISTANCE. 
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SELECTED  SOLID  STATE  DEVICES 

TUc  Unijunction  Transl:»tor 

Tho  unijunction  transistor  (UJT)  ha^  two  conduction  conditions  and  operates  similar 
to  a  switch.  Figure  1  shows  the  basic  construction  and  schematic  symbols  for  the  UJT« 
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Figure  1,    Unijunction  Transistor 


Vfhen  the  material  between  base  1  (Bl)  and  base  2  (B2)  Is  Ntype  material,  the  emitter 
(E)  will  be  P  material.  The  opposite  is  true  for  the  P  type  uJT. 


The  point  where  the  emitter  region  Is  attactiedto  the  h^ic  material  forms  a  PN  Junction. 
When  the  PN  junction  is  forward  biased,  the  uJT  is     Its  high  conduction  or  ON  state*  When 
the  PN  junction  Is  reverse  biased,  the  uJT  Is  In  Its  low  conduction  or  OFF  state. 
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Figure  2.  Pictorial  Diagram  of  UJT  Showing 
Low  Conduction  (OFF)  Condition 


First  consider  a  voltage  applied  between  Bl 
and  b2  as  Illustrated  in  flg^u^e  2. 

The  applied  voltage  will  be  distributed  evenly 
across  the  N  material.  The  emitter  to  Bl 
junction  will  be  reverse  biased  because  the 
voltage  gradient  at  the  point  where  the  emitter 
material  Is  attached  to  the  N  material  is  at 
approximately  4^13  V.  The  emitter  current  at 
this  time  viU  be  zero  and  the  uJT  wHl  t>e  its 
low  conduction  condition.  This  condition  Is 
illustrated  as  the  peak  voltage  point  (B)  on 
figure  3. 
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Figure  3,  UJT  Characteristic  Curve 
Fl^re  4  lUu5trate£  the  high  conduction  (ON)  condition  of  the  UJT. 

The  IS  volts  applied  to  the  emitter  wlU  forward  bias  the  emitter  baae  1  junction  aiKl  a 
high  emitter  current  wlU  flow,  Thft  re5ult  of  this  hltjh  concentration  of  carrier  movement  In 
the  area  between  the  E  and  BI  causes  the  resistivity  of  the  material  to  decrease  and  the 
voltage  gradient  across  the  bulk  N  material  to  be  redistributed,  as  shown.  The  emitter  current 
through  HI  ^^I'op  the  emitter  voltage  from  IS  V  to  a  value  determined  by  the  size  of  Hl« 
Referring  to  figure  3.  the  UJT  13  now  operating  at  point  C  on  the  curve. 

The  area  between  points  B  ar.d  C  on  the  curve  is  referred  to  as  the  negative  resistance 
(-R)  area  because  emitter  current  Increases  for  a  decrease  In  emitter  voltage.  The  time 
for  the  UJT  to  change  from  its  low  conduction  to  Its  high  conduction  condition  is  extremely 
short,  in  the  order  of  nanoseconds  (10*^),  The  UJT  is  utilized  in  Instances  where  fast  switching 
Is  required. 


Figure  4,  Pictorial  Diagram  of  UJT  Showing  High  Conduction  (ON)  CondlUon 


ERIC 


547 


DIGEST 


MATERIAL 


DRAIN 


N-TYPE 
MATERIAL 


•^>GATE 


DRAIN 

P-TYPE  FET 

SOURCE      9  + 

DRAIN 


O  + 


GATE 


B 


TYPE  FET 
SOURCE 


REP4-822 

Figure  5.   Pictorial  Diagram  and  Schematic  Symbols  for  JFETS 
The  Junction  Field  Effect  Transistor  (JFET) 

The  Junction  Field  Effect  Transistor  (JFET)  is  available  In  N  and  P  types.  Figure  5A 
Illustrates  the  basic  construction  of  an  N  type  JFET  and  figure  5B  shows  the  schematic  symbol 
for  N  and  F  JFETS. 

Connecting  a  voltage  between  the  source  and  drain  as  illustrated  in  figure  6  will  result 
in  drain  current  (Iq)  and  a  voltage  gradient  across  the  bulk  N  material.  The  voltage  gradient 
between  points  A  and  B  results  In  a  reverse  biased  FN  junction  between  the  gate  and  the  bulk 
N  material  and  produces  a  cone-shaped  depletion  region  between  the  F  type  gate  material  and 
the  bulk  N  material.  The  depletion  region  projects  completely  around  the  bulk  material  and 
is  cone-shaped,  therefore,  the  size  of  the  depletion  region  controls  the  area  In  the  vicinity 
of  the  gate  called  the  channel,  through  which  Id  can  flow.  In  other  words,  controlling  the  size 
of  the  depletion  region  controls  Ij),  Increasing  the  drain  to  source  voltage  (Vds)  *ili  increase 
Id  and  the  size  of  the  depletion  region  until  the  depletion  region  becomes  so  large  that  It 
restricts  further  increases  in  At  this  point,  the  device  is  saturated.  This  point  Is  referred 
to  as  channel  pinch-off  and  further  increases  in  Vds  result  In  increases  in  Id- 


Figure  6,  Conduction  In  anNType  JFET 
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DIGEST 


Th«  ««oct  of  Vds  changoa  la  illuatratod  plctorially  and  graphically  in  fl«uro  7.  Vn  Is  the 
point  where  the  breakdown  voltage  of  the  PN  Junction  Is  reached. 
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Figure  8.  N-Type  jfeT  CharacterlsUc  Curves 


The  Size  of  the  depletion  reRlon  controls  drain  current.  Figure  8  graphically 
the  coJtJ^l^t  a  voltage  appUed  between  the  gate  and  source  leads  (Vgs)  ^  °"  ^D-  Note  the 
atmllarity  to  the  characteristic  cirves  for  a  translator. 

-i^ifi.^n*  difference  Is  that  with  the  transistor,  the  base  current  (Ifi)  controls 
The  gate  to  source  voltage  controls  the  conducUon.  In  other 

U  a^o^^ge^^o^t^^rre^ne.  Sn>aU  ch^es  in  Vcs  result  in  large  changes 

The  JFET  can  be  used  in  three  basic  configurations,  as  with  the  transistor.  T»«y 
Tne  ji-LT  c-411      "^s"       "!r  rr>»«»««n  drain      FltEure  9  lUustrates  a  coBonion  source 
common  source,  common  gate  and  comnion  drain.     ngure  »  i 

amplifier. 

_^  a_  , 

OUTPUT 
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Figure  9.  JFET  Common  Source  Amplifier 
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Figure  10*     Cutaway  View  oi  MOSFET 
N  Channel 

Note  that  no  biasing  voltage  Is  required* 
On  the  positive  alternation,  the  reverse  bias 
gate  to  -'source  Junction  is  decreased, 
decreasing  the  de^leUon  region  and 
Increasing  the  channel  slzo  and  drain  cui-^ 
rent  (ijy)*  This  results  Jn  an  Increased 
voltage  across  the  load  resistor  and  a 
decreased  output  voltage  (V^s)*  The  negative 
alternation  Increases  the  reverse  bias, 
Increases  the  depletion  retton*  and  decreases 
Ijy  and  EpL,  Increasing  the  output  (Vds)* 
The  Output  voltage  vraveshape  Is  larger  than 
the  input  mveshape«  thus  amplification* 
Positive  or  negative  biasing  voltages  (V^jg) 
can  be  used  with  a  JFET  to  move  the  oper- 
aUpg  (Q)  point* 

The  Metal  Oxide  Semiconductor  Field  Effect 
Transistor  (MOSFET) 

'  The  construction  of  an  "N''  Channel  Metal 
Oxide  Semiconductor  Field  Effect  Transistor 
(MOSFET)  is  Illustrated  In  figure  10*  The 
•'P''  channel  MOSFET.  uses  an  N  type 
substrate* 

MOSFETS  can  be  constructed  In  the 
enhancement  and  depletion  types*  In  the 
depleUon  MOSFET,  the  channel  Is  heavily 
doped  which  results  In  high  drain  current 
for  small  drain-to-source  voltages*  The 
enhancement  type  MOSFET  is  lightly  doped 
and  Id  is  small*  Figure  11  and  12  illustrate 


the  elfocl  of  V^^  and  Vq^  on  the  channi»l 
and  Id  ^  chanuol  enhancement  unddoplo* 
tlon  MOSFETS,  Bocavtso  the  enhancement 
type  MOSFET  lightly  doped,  the  depletion 
region  Is  large*  thus  restricting  the  channel 
and  resulting  In  low  drain  current.  The 
voltage  gradient  produced  by  Vqq  modifies 
the  eltannol  width  and  a  positive  g?to  to 
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Figure  11.  N-Channel  DepleUon  Typ6 
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Fifcure  12.  N-Channel  Enhancement  Type  MOSFET 

source  voltage  increases  or  enhances  the  channels  increases  with  Increases  in  the  positive 
Vgs  voltage. 

In  the  depletion  MOSFET  which  is  heavily  doped,  the  depletion  region  Is  small,  making 
the  channel  large  and  resulting  in  high  drain  current.  The  voltage  gradient  produced  by  Vjjg 
modiaes  the  channel  and  the  negative  gate  to  source  voltage  decreaaes,  or  depletes  the 
channel  vfidth.  %  decreases  with  increases  in  the  negative  Vqs  voltage. 

Figure  13  shows  the  schematic  symbols  for  MOSFETS. 
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Figure  14*  Energy  Level  Diagram  of  an  Unbiased  Tunnel  Diode 
Tbe  Tunnel  Diode 

A  Tunnel  Diode  iB  an  extremely  heavily  doped  PN  Junction  diode*  Figure  14  «how8  the 
energy  level  diagram  of  an  ui^iased  tunr^l  diode* 

The  Ionization  at  the  Junction  caused  by  Junction  recombination  results  in  the  displace-* 
ment  of  tbe  energy  bands,  so  that  tbe  conduction  band  electrons  in  the  N  material  are  at  the 
same  energy  level  as  tbe  valence  tiand  boles  in  the  P  material*  The  depletion  region  is 
extremely  thin* 

Appl^rlttff  ^  small  forward  bias  results  In  the  movement  of  electrons  from  the  conduction 
band  of  tbe  N  material  directly  into  the  valence  band  of  the  P  material*  fibles  in  the  valence 
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Figure  IS.   Energy  Level  Dl;^5ram         Characteristic  Curve  for  a  Tunnel  Diode 

band  of  the  P  material  move  directly  Into  the  conduction  band  of  the  N  material.  This  Is  a 
very  unconventional  movement  In  that  the  carriers  ?  through,  or  tunnel  under,  the  for* 
bidden  band  as  they  move  across  the  PN  junction.  Figure  15A  deplcta  this  movement  and 
figure  15B  graphically  Illustrates  the  voltage/current  reUUonshlp  for  the  tunnel  diode. 
The  current  that  flows  between  points  I  and  3  on  the  graph  occurs  because  of  this  tunneling. 

Increasing  forward  bias  changes  the  relationship  between  th«  energy  levels  of  the  N 
and  P  materials.  The  N  material  increases  In  eneri;y  and  the  P  material  decreases.  The 
area  on  the  characteristic  curve  between  points  2  and  3  Is  where  the  electrons  In  the  N  material 
become  opposite  In  energy  to  the  forbidden  band  of  the  P  material  and  the  holes  In  the  P 
material  become  opposite  the  forbidden  band  of  the  N  material*  This  action  Is  Illustrated  In 
figure  16* 

This  Increase  in  forward  bias  wiU  result  in  decreased  conduction  until  the  majority  car* 
rlers  sire  all  aligned  with  the  forbidden  band  and  current  flow  is  minimum  (point  3  on  the 
curve).  Between  points  2  and  3  on  the  curve,  the  tunnel  diode  exhibits  a  negative  resistance 
characteristic  (*R).  As  forward  bias  is  further  Increased,  the  electrons  In  the  N  material 
pass  Into  the  conduction  band  of  the  p  material  and  the  holes  in  the  P  material  pass  Into  the 
valence  band  of  the  N  material.  This  Is  conventional  conduction  and  It  Is  Illustrated  in  figure 
17.  The  area  between  points  3  and  4  on  the  characteristic  curve  represents  conventional 
conduction. 
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Figure   17.  Tunnel  Diode  Energy  Level  Diagram  and  Characteristic  Curve 
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Figure   18.     Varactor  Diode  SchemaUc  Symbol  and  Characteristic  Curve 


The  Varactor  Diode 


A  capacitor  is  described  as  bra  conductors  separated  by  a  dielectric.  A  reverse  biased 
PN  Junction  diode  exhibits  the  properties  of  a  capacitor.  The  N  and  P  materials  become  the 
conductors  separated  by  the  depletion  region  (the  dielectric)*  Varying  the  reverse  bias  changes 
the  width  of  the  depletion  region,  thus  changing  the  capacitance  of  the  diode*  A  diode  designed 
to  be  used  as  a  variable  ca|;sicitor  is  called  a  VARACTOR.  From  the  formula  for  capacitance: 

c.kA 

the  effect  of  changing  the  reverse  bias  on  capacitance  can  be  determined.  Increasing  reverse 
bias  increases  the  depletion  region  (increased  distance,  D)  resulting  in  a  decreased  capacitance* 
Decreasing  reverse  bias  increases  capacitance.  Figure  16  shows  the  schematic  symt>ol  (A) 
and  characteristic  curve  (B)  for  a  varactor  diode. 
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Tho  silicon  Controllod  Hoctifior  (SCR) 

A  Silicon  ControUod  RoctlAer  (SCH)  Is  a  4  layer,  3  Ixinctlon  dovlco.  Fisure  10  1b  tho 
pictorial  diagram  and  schomatlc  symbol  for  tho  SCH.  Conduction  In  the  SCR  can  be  achieved 
by  tho  application  oi  an  anode  to  cathode  voltage  and  by  applying  a  gate'to-cathode  voltage. 
After  conduction  is  achieved,  the  anode-to^cathode  voltage  and  the  gatMo-cathode  voltages 
lose  control  oi  conduction.  Figure  20A  Illustrates  bow  high  conduction  Is  achieved  by  the  appli- 
cation of  an  anode  to  cathode  voltage  and  figure  20B  la  the  characterlsUc  curve* 

Section  I  (S^)  oi  the  SCR  Is  more  heavily  dop^d  than  section  2  (S2)>  Junctions  J[  and  J3 
are  forward  biased  and  J2  Is  reverse  biased.  As  the  arm  of  the  potentiometer  (R[)  Is  moved 
up  (more  positive),  the  anode  to  cathode  voltage  Is  increased.  The  only  conduction  is  the  reverse 
current  across  J2'  When  the  anode* to -cathode  voltage  reaches  the  breakover  voltage  (see 
curve)  Junction,  J2  goes  Into  reverse  breakdown  momentarily.  This  results  in  the  Injection  of 
a  high  concentration  of  electron  carriers  from  section  Sj  to  S2>  These  electrons,  once  in  82* 
act  as  minority  carriers  (electrons  In  p  material)  and  move  easily  across  the  Junction  (J2)* 
Once  they  arrive  In  S3,  they  again  tMcome  majority  carriers  and  move  easily  across  Jj* 
The  result  Is  high  conduction  and  a  large  voltage  drop  across  R^.  This  immediately  reduces 
the  anode*  to  ^cathode  voltage  and  brings  Junction,  J2»  out  of  reverse  breakdown.  The  SCH 
remains  In  high  conduction  because  of  the  continued  injection  of  electron  carriers  from 
S[  to  S2*   If  the  current  Is  allowed  to  drcp  below  "holding  current"  (see  chart)^  then  carrier 
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Figure   19.    Silicon  Controlled  Rectifier  (SCR)  Structure  and  SchemaUc  Symbol 
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Figure  20.  Biasing  and  Characteristic 
Curve  for  an  SCR 
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Figure  21*  Schematic  Diagram  and  CharacteiisUc  Curve  for  a  Gated  SCR 

inlection  into  S2         not  be  stifflclent  to  maintain  high  conduction*  Notice  that  the  anode^o- 
cathode  voltage  remains  relatively  constant  for  large  changes  In  current*  Refer  to  figure  2IA 
and  21B  to  determine  the  effect  of  a  gate^o^athode  voltage  on  conduction  in  an  SCR. 

The  application  of  a  gate  voltage  will  result  In  gate  current  and  the  Injection  of  electron 
carriers  from  S|   and  S2  with  no  anode'to-cathode  voltage  applied.  The  result  is  that  a 
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dlgnificaittly  gniaUcr  amount  of  anodf  ^tO'Oatliodo  voltage  is  ri'qulred  to  achlovc  high  con- 
duction (soe  chart).  The  gato  voltage,  therelbro,  can  l)e  ujjod  to  determine  what  breakover 
voltage  is  required  to  achieve  high  conduction.  Again,  the  holdln'j  current  determines  whi^n  the 
sen  will  drop  out  of  high  condurtlon. 


The  Zener  Diode 

A  zener  diode  is  a  PN  Junction  diode  whogc  doping  has  been  increased  so  that  It  can 
operate  In  the  reverse  breakdown,  avalanche  current  area  of  the  characteristic  curve  without 
causing  structural  breakdown.  While  operating  In  the  avalanche  current  area,  the  zener  diode 
win  maintain  a  relatively  constant  voltage  acroaa  it  for  a  wide  range  of  diode  currents. 
Figure  22A  and  22B  show  the  schematic  aymbol  and  the  characteristic  curve  for  a  zener 
diode.  By  controlling  doping,  a  zener  diode  can  be  manufactured  to  provide  a  regulated  voltage 
between  approximately  3  to  20  volts.  Theyare  connected  in  gerieg  if  a  larger  regulated  voltage 
Is  required.  Structural  breakdown  occurs  when  the  i  axlmum  power  dlgglpation  rating  is 
exceeded. 


Integrated  Circuits 

Integrated  circuits  are  divided  Into  two  categories,  HYBRID  and  MONOLITHIC.  In  the 
mo!U)Uthlc  integrated  cin:uitp  all  elements  (resistors,  transistors,  diodes,  and  capacitors  are 
fabricated  inseparably  within  a  continuous  piece  of  material  called  the  SUBSTRATE.  If  the 
substrate  Is  N  material,  then  controlled  amounts  of  P  material  will  be  doped  Into  the  substrate 


•30  MA    REVERSE  CURRENT 


H  !  1  H 

IV    2V    3V  4V 


FORWARD  BIAS 
VOLTAGE 


STRUCTURE 
BREAKDOWN 


REP4*842 


B 


Figure  22.  Schematic  Symbol  and  Characteristic  Curve  for  a  Zener  Diode 
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Figure  23.  Package  Styled  for  Integrated  Circuits 


to  form  the  components.  Metallic  contacts  are  attached  to  these  areas  and  Teads  are  connected. 
An  entire  electronic  circuit  can  be  manufactured  on  a  single  piece  of  substrate  40  by  60 
thousandths  of  an  inch  In  size. 

Hybrid  Integrated  circuits  have  the  passive  components  (resistors,  capacitors)  deposited 
on  a  substrate  made  of  glass,  ceramic,  or  some  other  insulating  material.  The  active  com* 
ponents  (diodes,  transistors)  are  then  attached  to  the  substrate.  Figure  23  sho^  some 
typical  examples  of  Integrated  circuit  packages.  One  of  these  tiny  packages  may  contain  one 
or  several  circuits  and  often  have  several  hundred  components. 

Integrated  circuits  are  small  In  size  and  light  in  weight.  They  consume  very  little  power 
and  are  highly  reliable.  This  makes  them  Ideally  suited  for  use  in  airborne  equipment,  mis* 
slle  systems,  computers,  spacecraft,  and  portable  equipment.  Because  of  their  construction 
they  are  not  normally  repaired.  When  a  package  falls,  the  entire  package  is  replaced. 
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SELECTED  SOLID  STATE  DEVICES 

INSTHUCTIONS: 

Study  tho  refcroncGd  material  2b  directed. 
Oeturn  to  this  guide  and  answer  the  questlona. 

Chock  your  answers  against  the  answers  at  th©  top  of  the  next  even  numbered  page 
following  the  questions* 

If  you  experience  any  difficulty,  contact  your  Instructor. 

Begin  the  program. 

Since  the  invention  of  the  transistor  there  has  been  a  continuing  effort  to  Improve  it. 
This  Improved  technology  has  resulted  in  the  development  of  solid  state  devices  capable  of 
performing  practically  any  of  the  electrical  functions  demanded  by  today':^  society*  This 
module  will  investigate  the  basic  construction  and  operation  of  some  of  the  more  common 
devices.  All  new  Air  Force  Systems  employ  some  or  all  of  these  devices;  therefore,  it  is 
e^ctremely  important  to  become  faiDlllar  with  them. 


A*  Turn  to  Student  Text,  Volume  IV,  and  read  paragraphs  4-1  through  4-1 L  Return  to  this 
page  and  answer  the  following  questions. 

1.  A  unijunction  transistor  (UJT)  exhibits  a  (negative)  (positive)  resistance  character- 
istic twtween  the  peak  and  valley  voltage  points. 

2.  The  amount  of  time  required  for  a  UJT  ^  change  from  its  low  conduction  to  its  high 
conduction  condition  is  (short)  (long)  vhen  compared  to  a  mechanical  switch. 

3.  When  the  UJT  is  in  its  high  conductlor  condition,  the  resistance  between  the  emitter 
and  base  #1  is  (low)  (high). 

4*  When  the  UJT  is  in  its  low  conduction  condition  the  resistance  between  the  emitter 
and  base  #1  is  (low)  (high). 

The  emltter-to-base  #1  Junction  must  he  (forward)  (reverse)  biased  to  cause  high 
conduction  or  the  ON  condition  of  the  UJT. 

6.  What  will  he  the  conduction  condition  of  the  UJT  If  the  emitter^to-base  #1  Junction 
were  reverse  biased?  


CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 


B*  Turn  to  Student  Te3rt,  Vohiroe  IV,  and  read  paragraphs  4-12  through  4-30.  Return  to  this 
page  and  answer  the  following  qucntions. 

1*  The  input  Impedance  to  a  Junction  Field  Effect  transistor  (J FET)  is  (low)  (high). 
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ANSWERS  TO  A: 

1.  negative 

2.  short 

3.  low 

4.  high 

5.  forward 

G.  low  conduction  on  OFF  oondltlon. 


2,  Increasing  the  positive  voltage  applied  to  the  gate  of  a  ''N"  type  jfet  would  result 
In  an  (Increase)  (decrease)  In  drain  current  (Iq), 

3,  What  effect  would  applying  a  more  negative  vcit2$fi  to  toe  gate  lead  of  an  N  type  JFET 
(figure  ft)  have  on  the  drain  to  source  voltage  t^j^)?^  

4,  The  JFET  1^  a  (voltage)  (current)  controlled  device. 

5,  Increasing  the  dr aln* to-sour ce  voltage  applied  to  a  JFET  ^miM  cause  a/an  (Increase) 

(decrease)  In  the  channel  width. 

6,  When  a  further  Increase  In      will  not  cause  an  Increase  In  Id*  the  JFET  la  saturated. 
The  point  that  this  condition  occurs  is  referred  to  as 

7,  The  value  of  gate-^to-source  {^qq)  that  reduces  tbe  channel  width  of  a  JFET  to  a 
point  where  Iq  ceases  to  flow  is  referred  to  as  voltage. 

6,  The  controlling  element  In  a  JFET  ts  the  . 

9,  Increasing  the  negative  voltage  applied  to  the  gate  €t  a  *'P"  type  JFET  would  cause 
1q  to  (Increase)  (decrease). 

10,  Refer  to  diagram  on  the  next  page: 

On  the  positive  alternation  of  the  Input  signal  the  drain  current  wlil  (increase)  (decrease), 
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U,  Refer  to  diagram  above: 

The  voltage  v/aveshape  at  the  output  terminals  will  be  (in)  (ISO"*  out  of)  phase  v/lth  the 

Input. 

CONFIRM  YOUR  ANff^RS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 


C.  Turn  to  Student  Text,  Volume  lY,  and  read  paragraphs  4-31  through  4-38.  Return  to  ihlf? 
page  and  answer  the  following  questions: 

1,  The  input  Impedance  of  a  Metal  Oxide  Semi-conductor  Field  Effect  Transistor 
(MOSFET)  is  (higher)  (lower)  than  that  for  a  JFET. 

2,  The  type  MOSFET  that  works  on  the  principle  that  an  increase  in  gate  voltage  results 
in  an  increase  in  drain  current  Is  a/ an  type  MOSFET. 


3,  The  type  MOSFET  that  works  on  the  principle  that  an  Increase  In  gate  voltage  results 
in  a  decreise  in  drain  current  is  a/ an  type  MOSFET. 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 


D.  Turn  to  Student  Text,  Volume  IV,  and  read  paragraphs  4-39  through  4-49.  Return  to  this 
page  and  answer  the  following  questions. 

1,  The  doping  of  a  tunnel  diode  is  (heavier)  (lighter)  than  that  of  a  cOnvenUonal  PN 
junction  diode. 

2,  Compare  the  barrier  height  and  width  of  a  tunnel  dioat     tiiat  of  a  conventional  PN 
Junction  diode. 

Barrier  height  Is  . 

Barrier  width  is  . 
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TO  U: 

t.  High 

3,  Vj^^  would  increase 

4,  voltage 
5*  decrease 

6,  channel  pinch-o« 

7,  pinch  of( 

8,  gate 
increase 

10,  Increase 

11.  180*  outo( 

If  you  misaed  ANY  questions,  review  the  material  before  you  continue* 

ANSIVEFS  TO  C: 
K  higher 
2«  enhancement 
3,  depletion 

If  you  missed  AlfY  of  the  questions^  review  the  material  before  you  continue* 

3«  In  2  tunnel  diode,  tunnelling  occurs  v^en  electrons  from  the  conduction        of  the  N 
material  pass  through  tbe  depletion  region  directly  into  the  valence  band  of  the  P  material. 
(True)  (False) 

Befer  to  the  following  diagram  for  questions  4  through  7. 
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4*  The  area  botwccrt  poiitta  2  and  3  la  whore  a  turtrtol  diod«  exhibits?  a  (negative)  (poslUve) 
resistance  characteristic. 

5,  At  point  3,  the  placement  of  the  energy  bands  of  the  p  and  N  materials  has  the  valence 
band  of  the  P  material  aligned  with  the  band  of  the  N  material. 

6,  The  tunnel  diode  operates  similarly  to  a  conventional  FN  Junction  diode  between 
points  and  • 

7,  At  point  2^  the  valence  band  of  the  P  material  Is  exactly  aligned  with  the  band 

of  the  N  material. 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 

E.  Turn  to  Student  Text,  Volume  IV,  and  read  paragraphs  4-50  through  4-56,  Return  to  this 
page  and  answer  the  following  questions. 

1,  The  varactor  diode  will  act  as  a  capacitor  with  forward  or  reverse  bias  applied, 
(True)  (False) 

2,  The  dielectric  of  the  varactor  diode  used  as  a  capacitor  la  the  Junction  depletion 
region.  (True)  (False) 

3.  Increasing  the  reverse  bias  applied  to  a  varactor  diode  will  (Increase)  (decrease)  its 
capacitance. 

4.  The  varactor  diode  responds  best  as  a  variable  capacitor  for  (high)  (low)  values  of 
reverse  bias, 

CONFIRM  YOUR  ANS'.VERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 

F^  Turn  to  Student  Text,  Volume  IV,  and  read  paragraphs  57  through  65.  Return  to  this  page 
and  answer  the  following  questions. 

Refer  to  the  diagram  on  the  next  page  for  questions  1  and  2. 

1.  What  is  the  doping  relationship  that  exists  between  section  #1  and  section  #2? 
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ANSWERS  TO  D: 

1.  hcavlor 

2.  higher,  narrower 

3.  true 

4.  negative 

5.  forbidden 

6.  3  and  4 

7.  conduction 

If  you  missed  ANY  questions,  review  the  material  before  you  continue. 


ANSWERS  TO  E: 

1.  false 

2.  true 

3.  decrease 

4.  low 

If  you  missed  ANY  questions  review  the  material  before  you  continue. 


N 


ANOOE 


SECTION 
4 


SECTION 

3 


SECTION 
2 


SEaiON 
1 


JUNCTION  t 
JUNCTIONS 
JUNCTION  3 


RSP4'1233 


CATHOOE 

2.  When  tl^e  SCR  is  in  Its  non-conducting  or  OFF  state  ^wbat  will  be  the  bias  conditions 
of  Junctions  1,  2,  and  3? 

Junction  1  is 

Junction  2  is 

Junction  3  Is   
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3«  There  skte  two  mothodg  ol  achieving  high  conduction  hi  an         They  sure: 

K  

2  

4.  The  breakover  voltage  ia  the  voltage  required  between  the  anode  and  cathode  to  turn 
the  SCR  ON  or  put  It  into  Ita  high  conduction  condition.  (True)  (Fal^e) 

5.  Applying  a  amaU  positive  voltage  to  the  gate  of  an  SCR  will  cause  the  breakover  voltage 
required  to  obtain  high  oooductlon  to  (Increaae)  (decrease). 

6*  The  mlniiDuni  current  that  can  be  realized  In  an  SCR  and  atlll  maintain  high  conduction 
is  referred  to  ae  _^  current. 

7«  What  effect        the  gate^to-^athode  voltage  have  oo  the  operation  of  an  5CR  after  It  is 

in  ita  high  conduction  coixUtion?^  . 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 


G.  Turn  to  Student  Text^  Volume  T/,  and  read  paragraphs  4-65  through  4-7U  Return  to  this 
page  and  answer  the  following  questions. 

1,  Operating  the  zener  diode  In  the  breakdown  voltage/avalaache  current  area  will  cause 
structural  breakctown.  (True)  (Falae). 


2.  The  zener  diodelBdtslgnedtooperateover  a  wide  range  of  current  values  and  maintain 
a  relatively  oonstant  voltage  across  the  diode.  (True)  (False) 


CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 
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ANSWEUS  TO  F: 

1.  Section  #1  Ls  more  heavily  doped  than  section  #2. 

2.  Junction  H  is  forward  blaaed. 
Junction  #2  Ls  reversed  biased. 
Junction  #3  is  forward  biased. 

3.  Exceeding  the  anode  to  cathode  breakover  voltage  or  applying  a  positive  gate 
to  cathode  voltage. 

4.  true 
decreased 

6,  holding  current 
no  effect. 

If  you  missed  ANY  questions,  review  the  material  before  yo*i  continue. 


ANSWERS  TO  G: 

1.  false 

2.  true 

If  you  missed  ANY  questions^  review  the  material  befbre  you  continue. 

H.  Turn  to  Student  Text«  Volume  IV,  and  read  paragrpabs  4^72  through  4<-81.  Return  to  this 
page  and  answer  the  following  questions. 

1.  Integrated  circuits  are  snaaUlnstze^belghtandwlght  and  are  highly  reliable,  fiecause 
of  this  they  are  readily  adaptable  to  many  circuit  aPPUcations.  List  five  of  their  most  common 

uses: 

a.  

5G3 
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2.  A  monolithic  Integrated  circuit  dlffora  from  a  hybrid  Integrated  circuit  in  that  the 
monolUlilc circuit  lias  all  of  Its  components,  including  the  transistorf],  rcaiistors,  capacitors 
and  diodes  fabricated  within  a  olngle  piece  of  material  and  Uto  hybrid  circuit  ujses  discrete 
components  mounted  on  ^  substrate*  (Tnie)  (False) 


3«  It  Is  tmpoaalble  to  repair  a  monolithic  Integrated  circuit  (True)  (False) 


CONFIRM  YOUP  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 
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AN3WEI13  TO  H: 

b,  computers 
Q,  spacecraft 

portable  equtpment 
c»  airborne  equipment 
2.  true 
3»  true 

If  you  missed  ANY  qu«5tion5»  r«vl«w  Lie  material  before  you  continue* 


YOU  MAY  STUDY  ANOTHER  RESOURCE  OR  TAKE  THE  MODULE  SELF-CHECK. 


ERLC 


SELECTED  SOUD  STATE  DEVICES 


QUESTIONS: 

1.  A  unijunction  transistor  acta  ad  a  voltage  controlled 


2.  Refer  to  fi^rti  i«  Under  the  condition  shown,  current  through  R2  iQ  <>^(£h)  (lew)  and 
the  emitttir-base  1  Junction  is  (forward)  (rtiVtirae)  biased. 


+20V 


''BASE  1 


R£P4'i:t34 


Figure  1 


3.  The  negative  resistance  characteristic  of  a  unijunction  transistor  determines  Its 
S'WTCHING  ttme.  True  False 


4«  The  input  Impedance  of  a  JFET  1^  flow)  (high)* 


5^  Select  the  correct  statement  about  JFET's. 

a*  The  amount  of  drain  ctirrent,  under  saturation  conditions,  depends  mainly  on 
drain- to- source  (Vj^)  voltage. 

 b*  In  an  N-channel  JFET,  the  gate- to- source  (Vq^)  voltage  Is  always  ■y)sltive* 

c.  After  PINCH*OFF,  Ij^  depends  primarily  on  Vq^^ 

 d*  Prior  to  PINCH-OFF,  the  depleUon  region  decreases  as  increases, 
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Refer  to  fluure  2  for  questions  C  and  7. 


REP4^13JO 

Figure  2 

6*  The  conHguratlon  1^: 
 a.  common  drain, 

b.  common  source* 

c.  common  gate* 

7.  As  the  Input  signal  goes  positive,  drain  current  (decreases)  (Increases)* 

8.  The  MOSFET  haa  a  low  Input  Impedance  and  capacitance*  True  False  ^ 

9.  With  zero  TOlts  V^g  and  10  volts  Vj^  applied  to  both,  drain  current  would  be  (greater) 
(less)  In  a  depletion, type  MOSFET  than  In  an  enhancement  type* 

10.  In  a  tunnel  diode,  the  barrier  width  ts  extremely  thin  due  to  very  heavy  doping.  True 

False 

11-  When  a  tunnel  diode  is  properly  biased  for  tunneling,  the  conduction  band  of  the  N 

material  Is  aligned  with  the  band  of  the  P  material* 

Refer  to  figure  3  for  q^^estions  12  and  13. 

12>  TUNNELING  occurs  only  between  points 

 a*  1  and  2,   c*  3  and  4, 

 b,  2  and  3*   d*  1  and  3. 

13.  The  negative  resistance  area  is  between  points 

 a*  2  and  3, 

 b*  1  and  2. 

 ^c*  3  and  4. 
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Figure  3  Figure  4 


14.  As  the  r  >4verse  blaa  appUed  to  a,  varactor  diode  Increases  Its  capacitance  , 

15.  A  silicon  controlled  recHiler  (SCR)  is  a  layer  semiconductor  with 

Junctions. 

16.  High  conducUon  occurs  In  a  3CR  when  forward  potenUal  is  reached 

w^  the  gate  Is  In  respect  to  the  cathode, 

17.  As  long  as  HOLDING  current  flows  In  a  3CR»  Its  resistance  will  be  (high)  (low), 

18.  The   forward  breakover  voltage  of  a  SCR  (Increases)  (decreases)  as  the  (ate  to 
iirttie  voltage  Is  made  more  positive. 

19.  The  voltage  at  which  a  zest r  dMe  regulates  depends  on  the  amount  of 

a-  forward  bias  c,  reverse  current 

b.  forward  current  d.  doping. 

20.  Refer  to  figure  4,  The  voltage  regulating  region  Is  between  points 

 a.  A  and  B 

 b,  A  and  C, 

c,  C  and  D, 

21.  The  small  size  and  welgfltn^in^  reliability  of  Integrated  circuits  make  them  Ideally 
s«Med  for  use  In  missile,  spacecraft  and  portaUe  equipment.  True  False 

tt.  An  Integrated  circuit  wfaost  physical  dimensions  measure  1/4*^  x  1/S"  could  contain  several 
dozen  components.  True  False 

CONFIRM  YOUR  ANS'JraRS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 

31 


573 


MODULE  SELF-CHECK 


• 

ANSWERS  TO  MODULE  SELF-CHECK: 

1.  switch 

2,  ttlgtt,  forward 

3.  True 

4.  tilgh 

5,  c 

6,  b 

7.  Increases 

a.  False 

9,  greater 

10.  True 

11.  valence 

12,  d 

13,  a 

14,  decreases 

15.  4,  3 

16.  breakover^  positive 

17.  low 

18,  decreases 

IS,  d 

20.  a 

21*  True 

22.  True 

HAVE  YOU  ANSWERED  ALL  OF  THE  QUESTIONS  CCMIRECTLY?  IF  NOT,  REVIE'T  THE 
MATERIAL  03.  STUDY  ANOTti^R  RESOURCE  UNTIL  YOU  CAN  ANSWER  ALL  QUESTIONS 
CORRECTLY.  IF  YOU  HAVE,  CONSULT  YOUR  INSTRUCTOR  FOR  FURTHER  GUIDANCE. 
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